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The potentials of improving the engineering characteristics of 
organic deposits, in Louisiana, by densification were studied.
Following a comprehensive literature research on the densification 
process and on the properties of organic soils, laboratory studies 
were performed on samples prepared from different organic and inorganic 
soils and densified under varying static and dynamic surcharges.
Four major phases were planned for this study: (1) static loading;
(2) load-unload cycle; (3) static reloading and; (4) dynamic loading. 
Approximately 5150 samples were tested. All engineering characteristics 
of organic soils (strength, density, permeability, etc.) were improved 
by densification. Loads applied were optimized on certain intensity 
plateaus when additional loads within the limits of these plateaus did 
sot result in significant changes and physical improvements in the soil. 
Densification process was intensified as the organic content of the soil 
was increased.
It is shown that classical theory of consolidation does not apply 
to organic soils. An approach for the prediction of the primary consoli­
dation was developed where primary stage of the consolidation is divided 
into two stages. A first stage primary consolidation which is dependent 
on the drainage of water from the voids, and a second stage primary which 
is a function of the compressibility of the organic fibers. Case studies 
were conducted and families of field time-settlement curves were con­
structed .
x
Stress distributions under embankments and/or surcharges were 
determined using the finite element method. Boundaries of stresses 
were determined so as the properties of densified deposits at various 
regions underlying the loaded areas could be delineated.
Load-unload cycle and static reloading test results indicated 
that the rebound characteristics of organic soils are negligible and 
that these soils will remain densified after removal of loads.
Dynamic loading results indicated that the soil will stiffen after 
a few repetitions of a cyclic load independent of the consolidation 
stress and drainage conditions, and that stiffening will take place in 
the construction period without producing any damage to the pavement.
CHAPTER ONE
INTRODUCTION
Mineral soils, when densified, develop higher shear strength and 
lower permeability thus exhibiting higher stability under load. Pre- 
loading techniques have been used extensively not only to increase the 
stability of soils, but also to control post-construction settlement.
The effect of densification on mineral soils has been studied by several 
researchers, and it has been shown that "densification" has varying 
effects on soils, depending mainly on the grain structure and cohesion.
The effects of densification on the properties of organic soils are 
not well documented. Many questions remain concerning the effectiveness 
of surcharging. Densified organic soil may develop some bearing value. 
However, the rate of removal of the surcharge may affect the retainment 
of this value, for instance, although the permeability of the mass 
decreases by densification, a flow similar to osmotic flow may take 
place and saturate the total mass, resulting in unstable conditions.
The application of dynamic loads may also affect the stability of the 
densified organic soil.
The increasing demand for better land use and management and the 
high cost of right-of-way are forcing the engineer to construct highways 
over soft foundations such as organic soils. Thus, the highway engineer 
is often confronted with the problem of having to design and construct a 
highway overlaying isolated deposits of soft organic soils. These 
deposits are found in sediment starved regions. These deposits are
formed in place and often are isolated. Organic deposits subject to 
this study are of relatively small sizes and may not be detected in the 
exploration program, but they are usually encountered during the con­
struction period. Treatment of these problems are extremely costly and 
at times they are not very effective.
Treatment of these areas has been achieved through one of the 
following techniques:
a. Removal and replacement with selected material
b. Bypassing the material by bridging
c. Stabilizing the material with chemicals
The first two solutions are expensive and the third method may be 
ineffective for soils of high organic content.
The objectives of this study are to study the effect of densifi­
cation on organic soils under both static and dynamic loads, and to 
correlate the results in an effort to identify the properties of 
densified soils. Finally, potential application of these findings, to 
produce more stable and economical design and construction methods over 




Soil is defined as all earth material, both organic or inorganic, 
occurring in the zone overlaying the rock crust of our planet.
Based on their origin, soils can be divided into two broad classes, 
residual and transported. Residual soils are those derived in place 
from bedrock. Transported soils include those materials deposited by 
wind, water, ice, and gravity. Dominant textures of these soils vary 
with the distance of transportation and the method of deposition.
Soil is generally formed from rock by mechanical disintegration 
(freezing and thawing, running water, glaciation) or chemical decompo­
sition (oxidation, hydration, acid attack, hydrolysis) or both. The 
combined mechanical and chemical process is called weathering.
II. Soil Classification
Soil Classification is considered the most confused chapter in the 
study of soil mechanics (Casagrande, 1948). Several methods of soil 
classification have been developed and used for different purposes. 
Casagrande (1948) in his paper, "Classification and Identification of 
Soils", discussed in detail most classification systems available.
Clays can be classified by their minerals. This is based on the 
fact that clays are composed of extremely small particles (generally 
crystalline). Structure and composition of the clay minerals determine
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their properties and determine bulk properties of the clay itself (Grim, 
1965).
Soil classification methods do not usually include detailed organic 
soils in their classification. Organic soils are defined as all soils 
containing organic materials derived from fully, or partially decayed 
vegetation. These soils may be from a few feet to hundreds of feet deep 
and they do not necessarily represent the "A" horizon soil. A classifi­
cation system for organic soils was suggested by Arman (1969). This 
classification divides organic soils into two major divisions which are, 
then subdivided into three groups according to the classification of 
mineral soils.
III. Stability of Embankments:
The stability of embankments depends on several factors which 
include:
a. Height, weight and slope of embankment
b. Strength and dimensional stability of the foundation soil
Slope stability of embankments requires determination of the most
critical sliding wedge (Terzaghi 1941) or the most critical circular arc 
(Taylor, 1937) or other composite surfaces of sliding (Morgenstern and 
Price, 1967). Taylor introduced a method to determine the critical 
height of a slope for cohesive soils and soils having both cohesion and 
internal friction (Taylor, 1937). This method represents a quick, 
approximate method to study the stability of a slope.
Strength of the foundation soil, in turn, is a function of the 
degree of consolidation which results from both the imposed embankment 
load, and from the way that imposed load is distributed throughout the 
soil.
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IV. Stress Distribution in Soils
When load Is placed on the surface of a soil mass the stresses in 
the soil mass are changed. The manner in which the surface load is dis­
tributed within the soil depends on two sets of conditions (Leonards,
1962):
a. The manner the load is placed on the soil
b. The physical properties of the soil which include the modulus
of elasticity, Poisson's ratio, compressibility and stratifi­
cation.
The stress distribution in and under an embankment is important in 
the analysis of the stability of an embankment and the consolidation of 
underlying compressible materials. Stress distribution is also impor­
tant in assigning boundaries to the influence that a surface surcharge 
has in densifying the underlying materials.
The linear theory of elasticity has traditionally been applied 
to study the stress distribution beneath an embankment. This theory 
depends on the following general assumptions:
a. Material is homogeneous, isotropic and continuous
b. Stress-strain relations are linear and obey Hooke's law
c. Only small deformations occur
Some deviations from these assumptions occur in natural soils, especially 
in organic soils. These soils are not homogeneous, their modulus of 
elasticity may change with depth and deformation occurring in them is 
large.
Boussinesq's stress formulae represent the best application of ilu; 
theory of elasticity assuming ideal material properties. They have long
been used to study the stresses induced in a soil mass by a point load 
(Timoshenko and Goodier, 1951). Carothers (1920) developed the stress 
distribution produced by triangular, trapezoidal, and terrace loadings. 
He also studied the stresses resulting from an infinitely "Long Embank-
(1937). Finn (1960) suggested the use of the Shwarz-Christoffel trans­
formation to map the embankment surface into a straight line. This 
transformation is a conformal mapping which can be applied to map a 
polygon in a w plane [w = f(z)] onto the real axis of the auxiliary z 
plane [z = x + iy] using the formula
where A and B are complex constants, kj are real constants, x  x1 n—1
are the points of the real axis whose images are the vertices of the 
polygon, and £ is a dummy variable (Churchill, 1960). This transformation 
was used later by Perloff et al (1967) who analyzed the stresses within 
and under an embankment assuming that the embankment is continuous with 
the supporting soil and that they are both composed of the same homo­
geneous, isotropic, linearly elastic material. Clough (1960) used the 
finite element method for plane stress analysis. Later, he applied 
the same method to the study of a triangular dam on a rigid foundation 
(Clough and Chopra, 1966). Carlton (1962) used a finite difference 
approach to study an elastic embankment continuous with an elastic 
foundation.
Non-linear materials having large deflections have been treated by 
the finite element method (Argyris, 1965). This method involves applying 
increments of load in a sequence in order to keep the problem linear
ment" loading which were presented later in tabular form by Jurgensen
-kn-1 d£ + B
o
within each loading increment. It also involves the application of a 
"geometric" stiffness matrix to account for the large changes in 
geometry.
Thoms and Arman (1969) produced an extensive analysis of stress 
distribution under embankments on soft foundation having large 
deflections. They used both models and numerical analysis to study 
the behavior of muck under embankments. Their results showed that the 
finite element technique is very effective in analyzing the distribution 
of stresses and strains beneath embankments with large displacements, 
and that both maximum normal stress and maximum shear stress along the 
center line beneath the embankment are smaller than those obtained 
using the small deflection methods.
In the study presented in this report, the stress distri­
bution in organic soils, due to the embankment and accompanying sur­
charges, was determined using Wilson's approach by the finite element 
method and its modification by Thoms, Pequet and Arman (1973). Wilson's 
program was designed to determine deformations and stresses within 
axisymmetric structures of arbitrary shape taking into account the 
effect of boundary conditions, concentrated loads, gravity forces and 
temperature changes. The non-linear material properties were also 
included by a successive approximation technique. This program was 
modified by Thoms, Pequet and Arman (1973) to include plane stress 
condition representing stresses under long embankments.
V. Precompression Techniques:
Preloading techniques are used extensively for controlling post­
construction settlements. Negligible post-construction settlements and 
short periods of stabilization of the foundation soils were obtained by
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precompression (Aldrich, 1965). Precompression is the act of compres­
sing the soil under an applied pressure prior to placing or completing 
the structural load. The amount of surcharge load is determined by 
calculating the minimum amount of load required, in addition to the 
design load, which would develop the design settlement within the 
period available for precompression. Vertical sand drains are often 
installed to accelerate the precompression of the soil.
Terzaghi's theory for one dimensional consolidation, and Barron's 
analysis for radial flow (Barron, 1948), usually govern the analysis for 
precompression. Secondary compression, however, is also important if 
precompression applications involve organic soils that exhibit a consid­
erable amount of secondary compression.. Jonas (1964) reported that 
precompression of an organic silty clay reduced its secondary compression. 
Laboratory consolidation tests reported by Leonards and Ramiah (1960) 
indicate that even moderate surcharges when applied for comparatively 
short periods of time, are effective in reducing secondary compression.
Precompression techniques were used successfully in many projects. 
Earthfill is so far the most common method of precompression. Other dead 
loads such as rock and water have been used. Darragh (1964) reported 
the use of controlled water tests to preload the foundation soils under 
tanks. Precompression can also be accomplished by other means such as 
jacking or dewatering where the ground water level is lowered to relieve 
bouyancy and increase effective pressures.
VI. Organic Soils:
Organic soil is defined as "any soil containing a sufficient amount 
of organic matter to influence its engineering properties" (Arman,
1969). The organic matter is composed of entirely or partially decayed
9
vegetation.
The physical properties of organic soils depend on the type and 
on the ratio of organic to inorganic ingredients in a soil. Arman 
(1969) divided organic soils into two major groups: those having
organic contents of 20% or less and labelled them "Soils With Organic" 
and those having more than 20% of organic content which are classified 
as "Organic Soils". The majority of the physical characteristics of 
the first group are influenced by the characteristics of the mineral 
ingredients, while the second group is highly influenced by the charac­
teristics of the organic matter.
Organic soils have a great capacity of absorbing and retaining 
water. The moisture absorption of the soil mass increases as the 
organic content increases. This affinity for water is one of the most 
significant characteristics of peat.
Specific gravity of peat ranges from 1.1 to 2.0 (MacFarland, 1964). 
Higher values were reported for organic soils depending on the type of 
mineral ingredients and the percentage of organic materials (Arman, 1969).
Liquid and plastic limits of soils are strongly affected by organic 
matter. Casagrande (1948) has reported drastic changes in Atterberg 
Limits of organic soils after drying. Casagrande attributed this change 
to changes induced in the colloidal organic material by the oven drying.
He postulated that clay minerals tend to bond together into large aggregate 
particles, thus, reducing the plasticity. Arman (1969) explained the 
same change as the result of drying. However, he theorized that organic 
soils, having once been dried, do not absorb, the original quantity of 
moisture upon rewetting. Holtz and Krizek (1970) reported that both 
liquid and plastic limits increase with increasing organic content with
a significantly greater increase observed in the liquid limit. Arman 
(1969) attributed this increase in the liquid and plastic limits to the 
affinity of organic fibers for water. "The fibers absorb some of the 
added moisture, thus increasing the total moisture content of the soil; 
drying a fibrous soil after a liquid or plastic limit test produces a 
higher moisture content and a higher Atterberg Limit" (Arman, 1969).
Permeability of organic soils varies widely depending upon:
a. the amount of mineral ingredients,
b. the degree of consolidation,
c. the extent of decomposition (MacFarlane, 1964).
While the permeability of sandy-clay decreases with the addition of 
organic material, the permeability of silt or clay increases with the 
addition of organic matter (Arman, 1969). Field permeabilities of 
clayey peats determined by Weber (1969) showed higher values than those 
of clays. As they compress, however, a large decrease in permeability 
occurs, causing the soil to act more as a dense clay with regard to 
permeability. The significant reduction in permeability of peat with 
increase in load was reported by other researchers and was found to be 
affected by the magnitude and duration of loading (Adams, 1961), 
(MacFarlane, 1964).
Permeability of organic soils depends on their structure. The 
physical structure of the particles and their arrangement greatly 
affect the size and continuity of pores. Presence of fine particles in 
the soil tends to reduce permeability by plugging the capillaries 
formed by fibers. Hofstetter (1963) stressed the importance of pore 
size in the peaty soil: "(I) Percolation is dependent upon the size
of connecting interstices of the pores. (II.) Discharge is dependent
upon the magnitude of porosity of the macropores. (Ill) The ease of 
drainage varies with the diameter of the largest boundary neck in 
contact with air. (IV) Tension at which a drained pore fills during 
wetting is determined by the maximum diameter of the pore itself." 
(Hofstetter, 1963). Permeability of organic soils is influenced by 
other factors. Physico-chemical forces play a prominent role in water 
movements in peat. Such forces are iono-electric, thermo-osmotic, and 
thermo-capillary (Black, 1957), (Deryaguin et al, 1956), (Deryaguin and 
Melnikova, 1956).
Hanrahan (1954) reported that permeability tests carried out on 
horizontal specimens of peat yielded results considerably different from 
those obtained by tests on vertical specimens, which confirms the 
anisotropy of peat.
The principal factors affecting the shear strength of organic 
soils are: (a) texture, (b) moisture content and (c) inorganic soil
content (MacFarlane, 1964). Hanrahan (1954) investigated the shear 
strength of peat. He established a relationship between strength and 
water content and concluded that the strength of peat is of a wholly 
cohesive nature and depends primarily on the water content. Arman 
(1969) demonstrated that the shear strength of organic soils increases 
as the organic content increases. This was attributed to the presence 
of organic fibers which act as buffers between the mineral particles and 
which absorb some of the free water in the pores reducing the amount of 
moisture available to the mineral soil and thus increasing the strength 
of the soil. These fibers, in addition, will act as tiny reinforcing 
bars increasing the strength of the total soil mass. This phenomena was 
observed again in a later study (Arman and Munfakh, 1970).
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The most obvious characteristic of organic soils is their high 
compressibility under load. Compression of peat has received a great 
deal of attention from several researchers. However, the mechanism by 
which this compression occurs is a matter of controversy.
Terzaghi's assumptions for the classical theory of consolidation 
do not apply to organic soils for the following reasons:
1. The ability of organic matter to absorb large amounts of 
water renders the assumption of complete saturation 
questionable.
2. The assumption that both water and soil grains are incom­
pressible, is not true because of the compressibility of 
the organic fibers in the soil.
3. The coefficient of permeability in organic soils is not constant 
and decreases significantly with the application of load.
4. The compressibility of organic material contributes to the 
time lag of consolidation.
Generally, a very rapid "primary" consolidation was reported for 
peats followed by a long time "secondary" compression which was con­
sidered to be of a viscous or plastic nature (MacFarland, 1964). This 
"secondary" compression is characterized by a straight line relation 
between settlement and logarithm of time and is usually very high, 
sometimes accounting for up to one-half of the total settlement 
(Ripley and Leonoff).
Hillis and Brawner (1961) proved that the rate of "secondary" 
compression, after the pore pressure has dissipated, is independent 
of the drainage conditions, and thus is independent of the thickness 
of the peat layer. On the other hand, Hanrahan (1954) reported that
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the magnitude and time of settlement depend on the thickness, and the 
square of the thickness, respectively, for a considerable period after 
the completion of the pore pressure dissipation.
Watanabe (1964) showed that the consolidation of peat does not 
always follow Terzaghi's theoretical curve even for its primary portion. 
Forrest and MacFarlane (1969) indicated, as the results of field and 
laboratory tests on peat, that the pore pressure response was relatively 
independent of depth below ground surface, and that any possibility of 
dividing settlements into "primary" and "secondary" consolidation phases 
did not appear feasible. Lake (1961) showed that reducing the length of 
the drainage path, either by using thin samples in the laboratory, or by 
installing vertical sand drains in the field, did not affect significantly 
the rate of settlement of peat under load, which is in variance with the 
classical theory of consolidation. He concluded that the behavior of 
peat under load is affected by the properties of the peat itself.
Wilson (1963) accounts for the discrepancy between settlements 
predicted by the classical theory of consolidation, and the actual 
settlement of peat, by the following reasons: "(a) structural defor­
mations are caused when peat is loaded, (b) peat is a non-Newtonian 
fluid, (c) change in permeability is significant, and (d) plastic 
structural resistance causes lower pore pressures than the theoretical 
values" (Wilson, 1963).
Adams (1963) separated consolidation of a fibrous peat into 
"initial" stage and "long-term" stage. He suggested that the "initial" 
consolidation is due to the rapid expulsion of the free water in the 
peat mass, while the "long-term" consolidation is due to the slower 
expulsion of water held in the "solid" matter. Weber (1969) suggested 
that the "loading" and "long-term" settlements be separated in the
14
consolidation test, using results of both 1-day and 7-day loading 
periods.
Lo (1964) divided the consolidation process of peat into "Early-
stage" and "Late-stage" consolidation based on the change in slopes of
the fitted line on a log - log t plot. He showed that the "Early-
dt
stage" of consolidation is a function of sample height, applied stress 
and initial void ratio, and that the "Late-stage" consolidation is not 
influenced by the initial void ratio. It was noticed also from this 
study that the maximum pore-pressures were not generated immediately 
after the load was applied, and that they remained at substantial values 
at the point of 100% "primary" consolidation calculated from the Casa- 
grande' s fitting method.
Schroeder and Wilson (1962) constructed a rheological diagram (an 
axial stress/axial strain relationship) to study the behavior of peat.
This rheological diagram indicated that peat is "pseudo-plastic" material.
"At low stresses, however, the strain rate increased considerably, 
indicating viscous flow" (Shroeder and Wilson, 1962).
Lo and Wilson (1964) presented a graphical analysis of peat by 
means of water content distribution. This analysis was based on a 
hypothesis that, for a sample loaded under a constant stress, the 
"ultimate" consolidation was reached when the water content reached 
equilibrium throughout the depth of the sample, and that the time to 
"ultimate" consolidation can be predicted by relating it to the change 
in water content of the upper surface. In another study, the same 
authors used an X-ray technique to determine the progress of consoli­
dation through an organic soil. Their results showed that the consoli­
dation of peat is a continuous process starting at the drainage face and
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proceeding Into the sample, and that the rate of consolidation varies 
with the elapsed time after loading (Wilson and Lo, 1965).
Arman (1969) reported that the shape of the consolidation curve is 
dependent on both the organic content and the load intensity. As the 
organic content in the soil reached 25%, or as the load intensity was 
increased to four tons per square foot, the consolidation curves tended 
to straighten and departed from the classical shape. This departure 
from classical shape in the curves led to a conclusion that the consoli­
dation of organic soils is a function of both void ratio and the compres­
sibility of organic fibers. "In soils with high organic contents, and 
in all organic soils subjected to loads of four tons per square foot or 
higher, the compressibility of the individual organic particles determined 
the total compression characteristics of the mixture", (Arman, 1969).
CHAPTER THREE
TESTING PROCEDURE
The experimental portion of the study was planned in an effort to 
study the effect of static and dynamic loading on the engineering 
characteristics of the densified organic soils. Following preliminary 
tests on pilot specimens with soils to be investigated, four major 
loading phases were formulated for the study of densification of 




4. Dynamic Loading 
Preliminary Tests
Two types of specimens were used in the study:
A. Specimens fabricated in the laboratory by using natural organic
soils obtained from natural deposits (without alteration of 
organic content).
B. Specimens fabricated in the laboratory by mixing of natural 
organic and mineral soils (organic content was controlled by 
varying the mineral content).
Sands, silts and clays were used in preparing the artificial 
mixtures (Table 1). Organic soils were obtained from the Pontchartrain 
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FIGURE 2. SAMPLING AREA
20
(Fig. 2). The organic soils in this region are typical of the deposits 
of the Gulf Coast area. Sample locations were selected in this region 
for the following reasons:
1. The area contains a high percentage of organic material 
ranging from slightly organic clay to pure peat.
2. The geologic history of the area has been studied and well 
established.
3. The engineering characteristics of these soils were determined 
in earlier studies.
4. The sequence of Post-Pleistocene events in this area is 
relatively simple and the interpretation of the environments 
of deposition of the organic samples presents no serious 
problems.
5. The Pleistocene is relatively shallow throughout most of the 
area (less than 50 feet), which makes the sampling operation 
easier and covering greater number of environments than in 
areas where the Pleistocene is deeply buried.
A geologic history of the Pontchartrain Basin was studied by Dr. 
Clyde H. Moore from the Department of Geology of L.S.U. His study
included events and resulting environments and sediments that shaped the
Pontchartrain Basin from the last Wisconsin time until the present. A
summary of this study is as follows (Arman, 1969):
Time, Yrs., B.P. Event Result
35.000 years Low sea level stand Exposure and entrench­
ment of Prairie Surface
18.000 years Rising sea level stage Marine transgression over
Prairie surface, formation
5,000 years Standing sea level
stage
4,500 years Cocodrie Course
3,500 years Cocodrie Abandonment
2,600 years St. Bernard Course
Pontchartrain embayment 
Greatest development of 
embayment, bay sound en­
vironment and sediments 
over entire basin, deve­
lopment of barrier beaches 
along edges of embayment; 
initiation of 1st Post- 
Wisconsin Mississippi 
Delta in western part of 
alluvial valley 
1st introduction of 
alluvial deltaic 
sediments in area of 
Pontchartrain Basin with 
associated depositional 
environments
Deterioration of delta and 
encroachment of brackish 
conditions under environ­
ments as area under the 
delta subsided 
Introduction of alluvial 
deltaic material into 
easternmost part of basin, 
development of Manchac and 
New River distributaries
which carried a negli­
gible amount of materials 
into the western part of 
the basin
2,600 years St. Bernard Abandonment, Small amount of alluvial
to present Present Course material introduced in
western basin; for most 
part, however, this has 
been a sediment-starved 
area for the last 2600 
years, with the resultant 
formation of thick, 
organic rich sequences.
Loose soils were oven-dried at 72°F and then crushed in a disc-type 
crusher to pass No. 10 mesh sieve (ASTM Designation = D 421-58). Part 
of each soil was pulverized to pass No. 40 mesh sieve for determining 
the Atterberg limits and the pH of the soil.
After preparation, the soils were stored in plastic bags. Natural 
moisture content and carbon 14 dating tests were run on the soil (Table 
2). Liquid limits (ASTM,D:423-61T), plastic limits (ASTM,D:424-59), and 
Plasticity Indices (ASTM,D:424-59) were determined for all mixtures.
Of the several procedures for measuring organic content of a soil, 
the loss in weight on ignition is best suited to determine the organic 
content of the soils. Thermal dehydration curves published by Nutting 
(1943) and Mielenz et al (1954) show that approxmiately constant weight 
is attained by most clay minerals at temperatures exceeding about 800°C. 
Thus, some of the researchers recommended the use of ignition at 800°C or
Table 2
Age of Samples (Carbon 14-Dating)
SOIL ACE (years)
Organic I 3532 + 236
Organic II 2945 + 150
NO-15 2965 + 215
Table 3
Organic Content Determined by 




Organic I 43 44
Organic II 38 39
higher to determine the organic content of soils. On the other hand,
Ball (1964) recommends ignition at 375°C for 16 hours. This method min­
imizes the loss due to combined water in clay minerals but there is a 
possibility that this method will not remove all of the carbonaceous 
materials at such a low temperature. Arman (1969) showed that at a 
termperature of 375°C or lower, a considerable amount of organic content 
remained in the soil and at temperatures above 450°C, the montmorillonite 
or illite clay minerals were destroyed. He indicated that combustion at 
450°C for a period of 5 hours produced the most accurate results.
Skempton and Petley (1970) correlated the ignition loss with organic 
content of a soil and they developed the following relationship,
Organic Content = 100 - 1.94 (100-N)
Where N is the ignition loss measured at 550°C.
However, when tested, this method showed results identical to those 
obtained by Arman's method (Table 3). In this study, Arman's procedure 
was adopted and the organic content of the soil was determined by 
ignition at 450°C for 6 hours.
Phase I. Static Loading:
Samples of natural and artifical mixes were prepared with a water 
content to approximate the liquid limit of the soil. This water content 
was chosen for two reasons: First, it provides a high degree of satur­
ation for the samples creating conditions similar to those existing in 
the field; Second, it allows the molding of homogeneous samples. This 
procedure is universally used for fabrication of homogeneous samples.
After mixing, the mixture was placed in a plastic bag and was allowed 
allowed to slake in the moisture room for a period of forty-eight hours 
to allow the organic fibers in the soil to absorb moisture. The 48-hour
test results on samples slaked for longer periods showed no significant 
changes than those slaked for 48 hours (Table 4). At the end of the 
slaking period, the mixture was placed in a special aluminum molding 
chamber (App. V) Samples prepared in the molding chambers were densi- 
fied under static surcharges ranging from 20 to 160 lbs. Table 5 lists 
the stresses applied by the static surcharges and the heights of sand 
fills represented by these surcharges. Static loading took place in a 
100% humidity room at 70°F for a period of 48 hours. The 48 hour period 
was selected as a result of pilot studies where different periods for 
densification were used. Loading periods longer than 48 hours did not 
produce any additional physical advantages such as higher densities or 
lower moisture content in the densified samples (Table 6). After the 48 
hour period, the consolidated samples were extruded from the chambers 
and tested to study the effect of static loading on the basic character­
istics of the soils which include density, moisture content, moisture 
distribution, permeability, shear strength and dimensional stability 
(settlement).
The shear strength of the soil was determined by performing both 
unconfined compression and triaxial shear tests. Undrained, quick, 
triaxial tests were performed in the study. A series of 5 specimens 
densified under static surcharge was tested triaxially under confining 
pressures equal to 0, 5, 10, 15 and 20 psi. Specimens having heights 
in the range of 5 in. to 6.25 in. were used in both the unconfined and 
triaxial testing. Stress-strain curves were plotted for each test. The 
maximum deviator stress was recorded and was used with the lateral pressure 
to plot Mohr's diagram.
Table 4
Effect of Slaking Periods on Test Results
S O IL  NO -15  
(Natural Organic)
4 8 -  Hr 
S L A K IN G
7 2 - H r
S L A K IN G
Density (pcf) 6 7 6 9
q u (ts f) 0 .4 0 .4
Moisture Content 
(%) 4 9 4 9
Table 5
Stresses Applied by the Surcharge Loads on Samples
SURCHARGE
Lbs. R S .I . T .S .F .
Height of 
f ill (ft.)
20 4.07 .29 5
40 8.15 .59 10
60 12.22 .88 15
80 16.29 1.17 20
100 20.37 1.47 . 25
120 24.44 • 1.76 30
140 28.5] 2.06 35
160 32.59 2.35 40
Table 6
Effect of Loading Period on Test Results
S O IL  N O -15  
(Natural Organic)
4 8 -  Hr 
L O A D IN G
7 2 - H r
L O A D IN G
Density (pcf) 69 67




Mohr circles corresponding to each lateral pressure were plotted 
to determine the apparent cohesion and the apparent angle of internal 
friction of the soil. Both shear failure and bulging failure were 
noticed. However, the majority of the organic specimens failed by 
bulging.
The moisture content of each densified specimen was measured. 
Moisture content was used to determine the dry density of the densified 
soil. The moisture distribution in the specimen was investigated by 
dividing the specimen into four layers along the longitudial axis and 
determing the moisture content of each layer.
The effect of densification on the settlement of organic deposits 
was studied by performing consolidation tests on statically surcharged 
samples. After extruding the cylinders from molding chambers, they were 
sliced and placed in the consolidometers. Two consolidation specimens 
were prepared from each cylindrical specimen. The specimens were placed 
in the consolidation rings and were allowed to saturate for a period of 
48 hours. (The forty-eight hour period was determined to be adequate 
for complete saturation of the organic soil, Arman, 1969). At the end 
of the saturation period one specimen was used to measure the moisture 
content of the specimens, while the other sample was used to perform 
the consolidation test.
Consolidation specimens 2.48 inches in diameter and 0.83 inches in 
height were used. A fixed ring consolidometer was used. Loads were 
applied to the upper and lower ends of the specimen through two porous 
stones that permit water to flow into or out of the sample. The effect 
of side friction on the specimen was reduced by using "Teflon" sprayed 
on the inner walls of the consolidation ring. Tests were performed at
room temperature (about 70°F). A load increment ratio equal to one was 
used and the specimens were consolidated under pressures varying from 
1/4 TSF to 16 TSF. Each consolidation pressure was maintained on the 
specimen until the straight line portion of the dial reading-log time 
curve was developed. At the end of the 16-TSF consolidation period, 
samples densified under 20, 60 and 120 lb surcharges were rebounded 
and then reloaded in the consolidation test. "Fitting" of the curves 
were done by using both Casagrande’s R vs log t method and Taylor's 
R - ft method for each consolidation load. Additional tests were 
performed to study pore pressure dissipation versus time relationship 
simultaneously with compression of densified soils. Samples of 5 inches 
height and 2.5 inches in diameter were used in the pore pressure test.
A hollow needle was inserted into the center portion of the specimen and 
simultaneous pore pressure and consolidation readings were taken.
Permeability of organic soils was determined from the results of 
the consolidation test. This procedure was considered the most appro­
priate method (Casagrande and Fadum, 1940), for the range of perme­
abilities expected as determined in earlier studies (Arman, 1969). The 
coefficient of permeability was obtained from the results of the consoli­
dation test as follows:
_ cv ay v „
(1 + ecj
where Cv = Coefficient of consolidation
av = Coefficient of compressibility
yw = Unit weight of water
e = Initial void ratio o
(Appendix [IV] contains a flow chart for the computer program used to 
determine the coefficient of permeability.)
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Ph;ist!_ I 1_. Load-Unload Cycle
In this phase of the study, the rebound characteristics of organic 
soils due to partial or full removal of the densification surcharge 
were investigated. The rebound characteristics were studied as a 
function of the surcharges removed and also as a function of time after 
the load was removed.
Each sample was densified under 40, 60, 80, 100, 120 lb surcharges 
initially for a period of 48 hours. After which portions of the sur­
charge was removed and the samples remained in the 100% humidity room 
under the remaining surcharges for an additional period of 48 hours 
before their densities, moisture contents, moisture distributions, and 
unconfined compressive strengths were determined. After unloading, 
samples were left in the molds and allowed to absorb moisture by placing 
the molds in a water basin and filling the space above the sample in the 
cylinder with water. These samples remained in the moisture room for 
periods of 7 days and 28 days before they were tested to study the effect 
of time on the rebound characteristics of the densified soils. Another 
set of samples, after full unloading, remained under the preceding 
conditions for periods of 2, 7, 28, 90, and 180 days before testing.
Phase III. Static Reloading
This phase of the study was similar to the load-unload phase with 
the exception that removed surcharges were replaced after a 48 hour 
rebounding period and the samples remained under the original surcharges 
for another period of 48 hours before they were tested to determine the 
density, the moisture content, the moisture distribution and the uncon­
fined compressive strength.
Phase IV. Dynamic Loading
The purpose of this phase of research was to study the effects of 
organic content, consolidation stress, and drainage conditions on the 
repeated loading of organic soil mixtures.
The plan of tests prescribed two series of twenty tests to be run 
on two different organic soil mixtures with inorganic components of 
sand and silt (Table 7) and a third set of 5 tests to be run on clay- 
organic. mixes. Table 7 shows the test schedule used for this phase of 
study.
Two types of tests were run, the consolidated undrained test (CU) 
and the consolidated drained test (CD).
The following series of steps was developed to satisfy the require­
ments of this investigation. A fortran IV program covering each step 
was written. Figure 3 is a flow chart of the test procedure for this 
phase of study.
Molding was performed using the same procedure described in Phase
I. After placing the mixture in the molding chamber, proper weights 
were placed on the piston for a period of 48 hours. The 2.48" diameter 
of the mold required loads of 40, 100, and 140 lbs to approximate the 
required densification pressures 1.2, 3.0, and 4.2 ksf (see Table 7). 
While densified under these loads, the samples were placed in the 
moisture room in a water basin and the space between the top of the 
piston and the top of the mold was filled with water tc insure maximum 
saturation for the specimen.
After forty-eight hours of consolidation in the moisture room the 
specimen was removed from the mold, its height and weight were recorded 
then it was placed in the triaxial chamber and connected to the water,
Table 7







Pressure Organic Content %
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FIGURE 3. FLOW CHART OF TEST PROCEDURE 















air and vacuum supply.
During the lost, the load on the soil was measured by a 100 lb 
capacity proving ring. An Ames dial gage indicated the axial strain.
Both the chamber pressure and the pore pressure were read from Bourdon 
gages and the water inflow or outflow was measured in a calibrated 
burette.
The measurement of pore water pressures requires as high a degree 
of saturation as possible.
A pipette filled with water was connected to the top of the sample 
and vacuum was applied to the opposite end to saturate the specimens.
Even though 100% saturation was desirable, it was not feasible in the 
time span allowed for this research. The fibrous structure of the 
material casts doubts on any conventional calculation of the degree of 
saturation. The specimens were, however, by theoretical calculations, 
saturated to 90% + range.
Figure 4 is a sketch of the apparatus used for saturating and 
testing the samples for this phase of study. After placing the specimen 
recording initial height and connecting the compression heads with 
valves 3, 4, 5, and 6, a chamber pressure of 2.0 psi was applied to 
hold the membrane tight to the soil. Next, valves 5 and 6 were 
connected into the vacuum line. This produces a vacuum on the bottom 
of the sample. With valves 3 and 4 connected to a measured amount of 
water in the burette, water was allowed to flow through the top com­
pression head and through the specimen assisted by the vacuum. After 
about 3 1/2 hours of applied vacuum, the vacuum was removed and a water 
saturated line was run from valve 8 to valve 4. This enabled a greater
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flow into the high vacuum end of the specimen. The saturation phase 
was arbitrarily stopped after 4 hours.
It should be noted, at this point, that while this method of 
saturation showed acceptable degrees of saturation in the sand-organic 
and silt-organic samples, it was ineffective in saturating the clay- 
organic samples. Thus, saturation was attempted by placing the specimens 
in a water basin and filling the space between the piston head and the 
top of the molding chamber with water.
The consolidation phase immediately followed the saturation phase. 
After recording the initial height of the sample and the burette reading, 
the chamber pressure was brought up to the programmed value and the 
sample was consolidated under this value. During the consolidation 
phase, the change in height, burette reading and chamber pressure were 
recorded at times equal to 0.5, 1.0, 2.0, 5.0, 10.0, and 30.0 minutes 
for the sand-organic and silt-organic samples. Consolidation time was 
extended to a period of 48 hours in the case of clay-organic samples. 
These consolidation periods represent the times at which the greatest 
percentage of change in height has occurred during the practice runs.
Due to the presence of the loading piston, the full area of testing 
head was not exposed to the chamber pressure. Consequently, additional 
deviator stresses were applied to maintain 3-directional equality of 
stresses .
The cyclic test was run either drained or undrained, and followed 
immediately after the consolidaion phase. For the undrained cyclic test 
the following procedure governed:
1. Close valve 2 and open valve 1. This connects the porc.-prossure 
gage with the soil sample.
2. Record the initial height, initial load, initial pore-pressure 
and the chamber pressure at the start of the test.
3. Load specimen to predetermined deviator stress. The loading
rate used was 0.2 in/min. When the specimen reaches the 
desired stress level, record time (minutes and seconds), load, 
strain, and pore-pressure.
4. After 30 seconds at high stress level, re-record time, load,
stress, and pore-pressure. Following the latter step, lower
the stress to its initial value. Record above values for 
this condition.
5. Hold the low stress for 30 seconds and record the time, load, 
strain and pore-pressure.
6. Repeat Step 3.
The 30-second interval was used in all tests to facilitate 
comparison between tests. In most cases, it gave sufficient time for 
the pore pressure to stabilize for the stress level.
When the drained test was run, the following changes were made in 
the preceding procedure:
1. Eliminate Step 1.
2. Record the initial burette reading instead of the initial pore 
pressure reading.
3. Record the instantaneous burette reading instead of the pore
pressure during the test.
The rebound phase was run in much the same manner as the Consoli­
dation Phase. For the undrained test, valve 1 was closed and valve 2 
was opened. This released the water pressure to atmospheric pressure. 
However, this also allowed a small amount of water to flow from the
3‘>
specimen. This valving procedure was not required for the drained 
tes t.
When the pore pressure dropped to atmospheric pressure, the 
initial height and burette readings were recorded. Next, the chamber 
pressure was lowered to 2.0 psi. From this point, the same reading 
was taken at the same time intervals used in the consolidation phase.
The rebound phase was terminated after approximately 30 minutes for 
the sand-organic and silt-organic samples, and after 24 hours for the 
clay-organic samples.
At the end of the rebound phase, valve 2 was closed. This 
effectively sealed off the specimen and allowed no drainage. Next, 
the chamber pressure was reduced to zero and the initial height and 
load were recorded.
An unconfined compression test was then run on the specimen after 




The effect of static loading on the characteristics of organic 
soils was studied by determining the effect of densification on the 
engineering characteristics of the densified samples. Figure 5 
illustrates the changes in the moisture content, dry density, and 
unconfined compressive strength of a typical soil (NO-15) as a result 
of surcharge. Additional typical results are shown in Appendix 1.
These results indicate that, as the static surcharge is increased, the 
moisture content of the soil is reduced resulting in increased dry 
density and unconfined compressive strength. Increasing the surcharge, 
for instance, from 20 lbs. (natural overburden) to 120 lbs. (30 ft. of 
fill) resulted in reducing the moisture content of the soil by 19% and 
in increasing its dry density by 13% and its unconfined compressive 
strength by 500% (Fig. 5).
Results also indicate that the applied loads con be optimized on 
certain load plateaus where additional loads will not provide any 
appreciable physical advantages to the soil. Density of soil N0-15, 
for instance (Fig. 5) increased from a value of 63 pcf under the 
natural overburden pressure to a value of 67 pcf by the addition of
0.29 tsf surcharge (20 lb. surcharge on the sample of 5 ft. of sand 
surcharge) but it remained constant when another 20 lb. surcharge was 
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sample increased. The same phenomena was observed in the strength 
results. This factor is important in designing surcharges. The 
presence of these plateaus is assumed to be the result of the water 
movement peculiar to organic soils. Three types of water exist in 
organic soils: (a) free water in the voids, (b) adsorbed water, and
(c) water absorbed by the organic fibers. When loading of sample 
reaches a certain value, a part of the fiber water is squeezed out of 
the fibers making up for some of the free water drained from the voids 
and the pore pressure is balanced showing as a plateau on the density 
and strength results. This plateau continues to appear as the loading
is increased. This is analogous to a limiting gradient condition.
Although the presence of plateaus is noticed for all organic soil tested, 
the loads under which these plateaus occur change according to the type 
of soil. However, for the majority of soils tested, the plateaus were 
present at the following surcharge loads: 20 lb - 40 lb; 60 lb - 80 lb;
100 lb - 120 lb; 140 lb - 160 lb. This phenomena appears in other test 
results and will be discussed further in this chapter.
The effect of organic matter on the densification process was 
determined by studying test results of all densified soils (Appendix 1).
Two important conclusions are drawn from these results:
1. For constant densification conditions, the strength of the 
clayey soils is increased as the organic content of the 
soil is increased. Table 8 illustrates the change in the 
strength of the clayey samples versus the organic content 
of the soil for three loading cases. Strength of samples 
densified by 20 lb surcharges (0.29 tsf), increased from 
1 psi (0.07 tsf) to 3 psi (0.21 tsf) when the organic content
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of the soil was increased from 10% to 30%. When densified 
by 160 lb surcharges (32.6 tsf), the strength increased 
from 9 psi (0.63 tsf) to 13 psi (0.91 tsf) for the same 
organic contents. This phenomena can be attributed to 
the presence of organic fibers which act as buffers or 
as tiny reinforcing bars as explained in the literature 
research.
2. The influence of surcharging on the densification of a 
soil is intensified as the organic content of the soil 
is increased. Densifying soil C-10 (clay with 10% 
organic content) by a 120 lb surcharge increased its 
density from the natural state by 12% while densifying 
soil C-30 (clay with 30% organic content) by the same 
surcharge increased its density by 30%. Silt-organic 
and sand-organic samples showed similar results. The 
increase in the density of the silt-organic samples by 
the addition of 120 lb surcharge is increased from 6%
(of the initial density) when the soil contains no 
organic material (SI-0) to 17% when the soil has 30% 
orgnaic content (SI-30). The change in density of 
sand-organic samples, by the addition of 100 lb surcharge 
ranges from 10% for samples SA-20 (sand with 20% organic 
content) to 40% when the organic content of the soil is 
increased to 30% (SA-30). The influence of organic 
material on the densification of soils is shown in table 9.
Shear strength of the densified soils was studied by performing 
triaxial tests. Figure 6 represents results of triaxial tests performed
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20-lb Surcharge 160-lb Surcharge
10 1 9
30 3 13
Table 9. Influence of Organic Content on the Densification Process
Soil C-10 C-30 SI-0 SI-30 SA-20 SA-30
Increase in 
Density 12 30 6 17 10 40
SOIL: NO- 3 0
SOIL TYPE: NATURAL ORGANIC 
ORGANIC CONTENT: 3 0%
SURCHARGE: 20 LBS
O 5 10 15 20 25 30
<r(PSI)
SURCHARGE: 40  LBS.
coQ- 5
O 5 10 15 20 25 30
tr(PSI)
SURCHARGE 60  LBS.
co
o- 5
0 5 10 15 20 25 30
<r(PSl)
FIGURE 6. TYPICAL TRIAXIAL TEST RESULTS OF DENSIFIED SAMPLES
with soil NO-30 (natural organic) which was densified under 20 lb, 40 lb, 
and 60 lb surcharges. A set of five specimens densified under the same 
surcharge were tested triaxially with lateral pressures of 0, 5, 10,
15, 20 psi respectively. A Mohr's circle was plotted for each case.
The envelope of these circles determines the shear strength of the soil 
under the densification surcharges studied. Appendix 1 contains the 
results of the triaxial tests. Figures 7 thru 10 represent the strength 
envelopes of representative samples of natural organic (N0-15), clay- 
organic (C-30), silt-organic (SI-20) and sand-organic (SA-30) mixes.
These figures demonstrate that as the static surcharge is increased, 
the strength envelope of the soil is moved upward indicating an increase 
in the strength of the organic soil. The increase is more pronounced on 
the apparent cohesion than on the apparent angle of internal friction. 
Figure 7, for instance, indicates that while the angle of internal 
friction remained almost unchanged, the cohesion of the soil increased 
from 1 psi to 4 psi when the load was increased from 20 lb (0.29 tsf) 
to 120 lb (1.75 tsf). In general, the slope of the strength envelope 
is insignificant and the strength of the organic soils can be considered 
of cohesive nature. The change of the strength envelope of the re­
maining soils is illustrated in Appendix 1.
The effect of densification on the modulus of elasticity was 
determined by plotting the stress-strain curves for each densified 
sample. Figure 11 shows typical stress-strain curves. Change in the 
modulus of elasticity with static surcharges after the densification 
effect has taken place is illustrated in figure 12 and table 10 
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Table 10 Indicates that the modulus of elastiiity of an organic 
soil is increased as the densification surcharge is increased up to a 
limiting point which confirms the presence of a boundary or plateau as 
observed earlier (100 lbs for soils NO-30 and NO-15 for example). As the 
densification load is increased, the modulus of elasticity passes through 
a series of balancing stages. Modulus of elasticity of soil NO-15 
(typical) produces a value of 500 psi (Fig. 12) when the sample is 
loaded by both 20 lb (0.29 tsf) and 40 lb (0.59 tsf) surcharges. This 
value is increased to 800 psi by increasing the loading surcharge to 60 
lb (0.88 tsf) then remains constant for the 80-lb loading. A third 
stage is shown for the 100-lb and 120-lb loading surcharges. The 
presence of plateaus is in agreement with those shown in the density 
and unconfined compressive strength results.
It should be noted that strength values reported in this study are 
for samples having degrees of saturation of 85% or higher (Table 11).
Results tabulated in table 11 indicate small changes in the degree of 
saturation of all densified samples which indicate that the dissipation 
of water from samples and densification of the samples are taking place 
at the same rate. It is further observed (Table 11) that the degree of 
saturation is reduced with increasing organic content of the soil.
Since the total soil moisture is comprised of adsorbed water, pore water, 
and water absorbed in the organic fibers, the "apparent" degree of sat­
uration is dependent on the amount and arrangement of organic fibers in 
the soil. Once organic soil is dried, and its degree of saturation is 
reduced, it cannot be increased back to its original value as explained 
in Chapter 2. Thus, increasing the amount of organic fibers in the soil 
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Table 10
Modulus of Elasticity of Densified Samples
SOIL
MODULUS OF ELASTICITY (PSI)
SURCHARGE (LBS)
20 40 60_ 80 100 120
NO-30 665 1000 1080 1500 1600 1600
NO-15 500 450 715 800 1000 1000
C-30 285 600 470 1090 1150 2000
C-20 200 235 400 600 900 890
C-10 125 235 800 800 935 900
SI-30 200 460 400 800 1200 1600
SI-20 250 600 700 600 1000 1600
SI-10 500 500 600 800 1000 1400
SA-30 465 750 1165 1200 1125 1280
SA-20 395 480 1000 1500 1625 1200
SA-10 * * * * * *
*Not Determined
Table 11
Degree of Saturation of Densified Samples
DEGREE OF SATURATION (% )
SOIL SURCHARGE (Lbs.)
2 0 4 0 6 0 8 0 100 120
NO - 3 0 94 95 92 91 91 91
N O - 15 109 106 102 109 109 107
C—30 75 76 76 74
C—20 88 86 89 86 91 90
C - 10 94 95 95 96 96 96
C—0 101 100 101 99 100 101
S I- 3 0 84 84 87 87 88 87
SI - 2 0 87 85 86 87 87 88
S I-10 87 87 88 90 89 92
S I - 0 95 94 94 93 95 98
SA-30
85
82 83 87 87 90
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Figures 13 thru 16 present typical moisture distribution data in 
specimens densified under static surcharges ranging from 20 lbs (0.29 
tsf) to 160 lbs (2.35 tsf). These results indicate that the moisture 
distribution in each sample is uniform within practical limits. Mois­
ture distribution in soil C-30 which is a clay-organic mixture having 
30% organic content shows higher moisture content in the lower layer 
than in the middle of the specimen (Fig. 14). While in sample C-10,
(clay-organic with 15% organic content) the moisture content is higher
**
in the middle of the specimen than on the ends (Fig. 16). The migration 
of water by gravity to the bottom of the sample is accelerated by in­
creasing the amount of organic matter in the soil. Thus, the permeability 
of the clay is increased by the presence of organic matter in the soil. 
Consolidation
There is a lot of controversy as to the laws governing the consoli­
dation of organic soils. For this study, both Casagrande's R-log t 
curves and Taylor's R- /t fitting methods were used (Fig. 17). Repre­
sentative R-log t curves are shown in Appendix 1. It should be 
mentioned that the majority of these plots did not show the typical S 
shape curve and that the settlement-time curves curved downward after a 
few minutes of the application of load and continued as a straight line 
function with the logarithm of time. Similar results were reported by 
Adams (1963), Schroeder and Wilson (1962), Weber (1969), and Lake (1961). 
The shape function observed, which is not in conformance with the clas­
sical dial reading versus time relationship produced by mineral soils, 
is a product of the nonconformity of the behavior of organic soils with 
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FIGURE 17. CASAG RANDE’S A N D  TAYLOR S FITTING METHODS
R-iA t curves shewed a close agreement with the theoretical curves. 
However, the primary consolidation of the soil determined by this method 
does not seem to be realistic for the soils investigated. The 100% 
"primary" consolidation as determined by Taylor's method takes place 
within a period of five to ten minutes which is shown to be not adequate 
for the dissipation of pore pressure. This apparent short period of 
"primary" consolidation was also observed by Adams (1963) in his R-ŷ t 
consolidation curves and was not considered to be representative of the 
100% primary consolidation. Pore pressure results of same soils and 
under the same consolidation loads showed longer periods of time required 
for the dissipation of pore pressures. Figure 18 presents the pore 
pressure behavior of a 5 in. high, 2.5 in. diameter sample under a con­
solidation load of 1 tsf. These results indicate that the time required 
for the dissipation of the pore pressure is 540 minutes. The time for 
the completion of the 100% primary consolidation, taking into account a 
height of 5 inches (height of the pore pressure specimen), is 180 minutes. 
At that time, the pore pressure should, theoretically, be equal to zero. 
However, the superpositloning of the 180 minute period over the actual 
pore pressure versus logarithm of time plot (Fig. 18) produces a pore 
pressure of 3.9 psi which is 50% of the highest pore pressure value 
attained under this load. Therefore while the R-/t method may show a 
good agreement with the theoretical method, it does not actually deter­
mine the end of primary consolidation. Thus, the use of the classical 
theory of consolidation may be misleading to the design engineer and 
may cause serious problems in terms of underestimated settlements and 
time.
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of organic soils consists of two stages. A "first stage" primary consol­
idation due to the rapid flow of water from the voids and a "second stage" 
primary consolidation due to the slower flow of water from the fibers into 
the voids and then out of the voids. As the "first stage" primary consol­
idation takes place due to the drainage of pore water, a portion of the 
effective stress is transferred to the organic fibers which results in com­
pressing and squeezing out of water into the voids making up for some of 
the drained water.
The pore pressure dissipation does not follow a smooth function (Fig.
18), rather it follows a step function. Existence of a condition analogous 
to the limiting gradient was observed throughout the dissipation of the 
pore pressure. The settlement, however, did not show a step function but 
started as a smooth curve and continued as a straight line with the log­
arithm of time. It can be noticed also, from the pore pressure curve (Fig. 
18), that after the pore pressure dropped to its lowest value indicating 
dissipation of excess hydrostatic pressure, it increased again to a measurable 
value of 3.2 psi. It is assumed that at this stage water from the organic 
fibers drains into the voids as a result of the transfer of the effective 
pressure to the fibers. The above assumption is reinforced by the fact that 
this phenomena did not appear in a similar test performed in a sample pre­
pared with a non-organic clay (Fig. 19). It should also be mentioned, that 
the pore pressure developed immediately after the addition of the load was 
equivalent to about 60% of the applied load only. This is the result of the 
lack of full saturation of the specimens. Lack of full saturation is an 
inherent characteristic of organic soils which have been previously dried.
In summary; the consolidation of organic soils is divided into two 
sections, primary consolidation due to the flow of water and secondary
o o
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consolidation due to a plastic readjustment of the soil grains. The 
primary consolidation, in turn, is divided into two stages, a First 
Stage primary consolidation which follows the classical theory of con­
solidation and a Second Stage primary consolidation which is a function 
of the compressibility of the fibers.
Based on the above it can be concluded, that the use of sand 
drains to accelerate the consolidation process would not necessarily be 
as effective for organic clays as it would for non-organic clays since 
although the excess pore pressure would be reduced rapidly, this re­
duction is balanced by the rapid squeezing out of fiber water due to the 
transfer of effective stress. The influence of vertical sand drains on 
the consolidation of peat was reported by Lake (1961). His field obser­
vations showed that, although vertical sand drains affected the pore 
pressures in the peat, the rate of settlement of the soil was not 
affected.
The majority of the consolidation curves showed a significant 
amount of initial settlement which is attributed to the presence of gas 
in the organic soil. When load is applied to organic soils containing 
gas, the gas in the voids will compress immediately. A portion of this 
gas will pass into solution allowing the transfer of a portion of the 
applied stress to the soil matrix which creates initial effective 
stresses and immediate compression of the grain skeleton. The effect 
of gas on immediate settlement of soils was observed by Schmidt and 
Gould (1968) and analyzed extensively by Krizek and Drugmann (1969). 
Coefficient of consolidation Cv was obtained from the "first stage" 
portion of the primary consolidation using R-/t curves. The values of 
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of Cv decrease with increasing consolidation load and densification sur­
charge (Fig. 20).
Pressure-void ratio curves were plotted taking into account the 
change in pore pressure at the end of first stage consolidation. Figure 
21 demonstrates the e-log p relationship for soil C-30 (Clay-organic mix­
ture with 30% organic content). Additional plots of e-log p are 
included in Appendix 1. The compression index Cc and the coefficient 
of compressibility av are tabulated in table 12. A study of these values 
shows that as densification surcharge increases, the coefficient of 
compressibility of the soil decreases, thus precompression of organic 
soils reduces their compressibility. The rebound and reloading portions 
of the e-log p curves (Fig. 21) indicate that the rebound characteristics 
of the soil are negligible and that organic matter in the soil does not 
have a sponge type reaction. Rebound characteristics of the soils are 
discussed further in the "load-unload" section of this study.
The most probable precompression pressure (quasi preconsolidation 
pressure) was predicted from the e-log p curve using Casagrande's 
method (Appendix 1). The pressures determined were shown to be higher 
than the values of the overburden pressure Po (Po is considered as the 
value of surcharge that the sample was densified under). Leonards (1962) 
reported that in normally consolidated soils the value of Pc may be much 
higher than the value of Po and he related that to the effect of thixo- 
tropy, cementation, or secondary compression. However, since the same 
phenomena is exhibited in samples prepared from sand-organic and silt- 
organic mixes, the thixotropic effect is ruled out and it is concluded 
that this behavior is due to the large value of second stage primary 
and secondary consolidations. It can be noticed, also, that the diff-
SOIL: C-30 ORGANIC CONTENT: 30%
SURCHARGE: 20 LBS
cc= 0.6167 
a, = 0 .0 2 6 8  f t 2/ton
SURCHARGE: 40 LBS
c c= 0 .6 0 8 3  
a. = 0 .0 2 6 5  ft2/ton
SURCHARGE: 60 LBS
c c= 0.5917  
I -  a = 0 .0 2 5 7  f t 2/ton
1/2 2 4 8 16
PRESSURE (TSF) LOG SCALE
FIGURE 21. TYPICAL VOID RATIO VS. PRESSURE CURVES
TABLE 12
COEFFICIENT OF COMPRESSIBILITY OF DENSIFIED ORGANIC SOILS
S O I L
----------------------  2 ........
COEFFICIENT OF COMPRESSIBILITY-av(ft  / ton )
SURCHARGE (Lbs.)
2 0 4 0 6 0 8 0 100 120
N O -3 0 0.0236 0.0210 0.0216 0.0205 0.0191 0.0190
N O -15 0.0196 G.0182 0.0163 0.0145 0.0133 0.0084
C -3 0 0.0268 0.0265 0.0257 0.0242 0.0228 0.0210
0 1 ro o 0.0224 * 0.0224 * 0.0211 *
C - 10 0.0507 0.0483 0.0411 0.0294 0.0254 0.0230
SI - 3 0 0.0532 0.0411 0.0338 0.0314 0.0254 0.0215
SI- 2 0 0.0266 0.0254 0.0167 0.0163 0.0157
SA—30  | 0.0266 * 0.0242 0.0205 V? 0.0181
*Not determined
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erence between Po and Pc is reduced as the precompression surcharge is 
increased (Figures 1-9-3 & 1-9-4 in appendix 1) which strengthen the 
previous explanation since the secondary compression of the soil is 
reduced as its precompression surcharge is increased.
Permeability of organic soils was determined from the results of 
the consolidation test taking into account only the first stage of the 
primary consolidation where the settlement of the soil is a function of 
the flow of water from the voids. Figures 22 thru 25 illustrate the 
change in permeability of organic soils with the change in the densi­
fication surcharge (from 20 to 120 lb surcharges) as a function of the 
consolidation pressure used in the consolidation test (1 and 8 tsf).
Values in parentheses represent the change in permeability as a percen­
tage of the permeability of the sample densified under a 20 lb surcharge 
(natural overburden) and a consolidation pressure of 1 tsf. Additional 
information is presented in Appendix 1. Values reported indicate a 
great reduction in the permeability of organic soils which is an impor­
tant factor affecting the behavior of the soil since it reduces the 
settlement of the soil under the design load on one hand and prevents 
the soil mass from regaining the moisture loss by densification after 
removal of densification surcharge thus reducing the rebounding effects 
of the soil. Figures 22 thru 25 show that permeability of silt-organic 
and clay-organic mixes increases with increased amounts of organic 
matter as a result of the formation of channels of increased permea­
bility by the orientation of organic fibers in the soil. As the load 
is increased, the organic fibers are pressed together changing their 
structure and thus reducing the permeability of the soil. Consequently, 
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matter is less pronounced at higher consolidation loads (Fig. 23 thru 
25).
Hypothetical Case Studies
In order to illustrate the settlement behavior of organic soils 
and the effect of surcharging on settlement, three hypothetical cases 
are analyzed (Fig. 26). Case I involves settlement of the organic soil 
under a 15 ft sand embankment. In cases II and III, the soil is pre- 
loaded by a 5-ft and a 15-ft surcharge. Settlements are calculated for 
soils NO-15, NO-30, C-30, and SI-30 which represent the major types of 
soils involved in this study.
First stage primary compression was calculated using the classical 
Terzaghi's approach. Appendix 2 has illustrative examples of settlement 
calculation. Table 13 represents the first stage primary settlements 
obtained for the four soils considered.
Prediction of the rate of settlement in the field has been the most 
confused part of the study of peats and organic soils. Review of past 
research on the subject has shown no definite answers. Based on the 
findings of this study, the tirae-settlement curve can be constructed iri 
two steps. The first step corresponds to the "first stage" primary 
consolidation. Figure 27 illustrates the time-settlement curves of soil 
NO-15 under the embankment and the preloading surcharges for the first 
stage primary consolidation. (Additional Information is shown in 
Appendix 2). As the first stage of the primary consolidation is com­
pleted, the settlement becomes linear with the logarithm of time.
Cs according to Hills and Brawner (1961), is defined as the slope of 
the log plot divided by the thickness of the sample and it can be used 
to construct the straight line portion of the curve. Figure 28 illustrates
77
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the time-settlement curves beginning at the end of "first stage" 
primary consolidation. It should be mentioned that the values of Cs 
used in the calculation were divided by the height of the soil layer 
at the end of the first stage primary consolidation, instead of the 
original height of the layer. Appendix 2 contains illustrative examples 
of the calculation. Total settlement at any given period of time, is 
therefore, equal to the sum of the "first stage" primary consolidation 
(Fig. 27) and the second stage consolidation (Fig. 28). The second 
stage consolidation shown in figure 28 is a combination of the "second 
stage" primary consolidation explained previously and the secondary 
compression due to the plastic behavior of the solid particles.
The time required for the design settlement to take place under 
the embankment considering 30 years of design life is reduced to 600 
days by preloading the soil with a 15 ft surcharge (Figures 27 and 28). 
The family of curves shown in these figures and appendix 2 are impor­
tant in guiding the design engineer to determine the amount of surcharge 
needed for the design settlement to take place in a given period of
time or the time of removal of the precompression surcharge.
Another important factor in design is the establishment of the 
boundaries of influence of stresses during the densification process.
The amount of densification obtained by surcharging will vary according 
to the location of the organic deposit below the surcharge. Thus 
stress distribution under the embankments being illustrated above are 
determined.
Stress distributions under the three loading cases shown in' 
figure 26 were determined using Wilson's finite element program dis­
cussed in the literature research. Input vaiues used in the program
are shown in table 14. Appendix 3 demonstrates a map of the finite 
element model of the material under the embankment. Both vertical and 
maximum shear stresses were determined and plotted in figures 29 and 
30 and in appendix 3. Figures 29 and 30 represent the vertical stress 
and maximum shear stress distributions in soil NO-15 under a 15-ft 
embankment. Appendix 3 illustrates stress distributions in soils NO- 
15, NO-30, C-20 for the three loading conditions. The vertical stresses 
do not change much with the quality of material, however they vary 
depending mainly on the loads applied. Maximum shear stresses, however, 
are dependent on the type of material used and they increase as the 
compressibility of the material increases.
In figure 29, the soil strata is divided into different zones 
according to the densification stresses applied to each zone which are 
equivalent to the stresses under which the soil samples were densified 
(table 3). Physical properties of the foundation soil to be expected, 
as a result of placing an embankment and/or a surcharge, in each zone, 
are tabulated in the same figure. These figures can be used by design 
engineers to determine boundaries of influence resulting from the densif 
cation process and they provide estimates of final properties of soils 
to be expected at various locations in the organic deposit.
Maximum shear stress distribution can be used in determining 
whether the soils can support the loads to be imposed upon them without 
shear failure. Vertical stresses (Fig. 29) together with failure 
envelopes (Fig. 7) determine the shear strength of the soil which, in 
turn, indicates whether the maximum shear stresses developed (Fig. 30) 
can be supported by the soil or not. Table 15 illustrates the shear 
strengths and maximum shear stresses obtained for alL soils studied and
TABLE 14
INPUT DATA USED FOR STRESS DISTRIBUTION
S O IL
C A S E  I * CASE 31* CA SE H I *
yd (psf) E(psf) 1 7(j(Pcf) E(psf) tyPcf) E(psf) V
NO-15 67 102960 1.45 70 115200 0.45 71 144000 0.45
N 0 -3 0 52 155520 0 .30 53 216000 0.30 55 2 3 0 4 0 0 0 .30
C -2 0 56 5 7 6 0 0 0.35 57 8 6 4 0 0 0.35 5 9 129600 0.35
*See loading cases in Figure 26
A M  A '/v ./A /A  //A - \ A M  / / /
S oil: NO —15 (Notural Organic) 
Organic Content; 15%
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HE 65 0.072 500 56 0 .40
FIGURE 29. VERTICAL STRESS DISTRIBUTION AND BOUNDARIES OF INFLUENCE 
UNDER EMBANKMENT
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TABLE 15
SHEAR STRENGTHS AND MAXIMUM SHEAR STRESSES 
DEVELOPED UNDER THE THREE LOADING CASES
S O IL
CASE I CASE TL c a s e  nr
"^max








( ts f )
s
(tsf)
N O - 15 0.11 0.18 0.14 0 .2 9 0 .2 4 0 .3 9
NO- 3 0 0.15 0 .2 5 0.14 0 .2 9 0 .2 4 0 .3 9
C- 2 0 0 .1 2 0.15 0.14 0.18 0 .4 0 0 .2 9
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the three cases of loading at a point 30 ft below the center of the 
embankment. For soil C-20 the maximum shear stress developed by adding
15 ft of surcharge to the 15-ft embankment is higher than the shear 
strength of the soil which indicates that the soil cannot support the 
loads applied. In the rest of the cases investigated shear stresses 
did not exceed the shear strength of the soil.
As a final check of the densification process, a stability analysis 
should be performed for the embankment and the surcharge. Sliding 
wedges (Ladd, Aldrich, and Johnson, 1969) circular arcs (Whitman and 
Bailey, 1967) (Turnbull and Hvorslev, 1967) are methods that have been 
used for stability analysis. The critical height of embankment can be 
determined also from the following approximate relationship (Taylor, 1937).
h = N c where h = critical height (feet) c s c
Y
c = cohesion - shear strength of soil (psf) 
y = unit weight of fill (pcf)
N = stability factor depending on the slope s
angle B and the depth factor n^ (Taylor, 1937)
The example problems discussed in this study were solved using the 
above approximate relationship. The embankment material is assumed to 
have the same shear strength as the underlying soil deposit. This has 
the effect of an increase in the safety factor. Table 16 illustrates 
cases considered in computing the critical height of embankment together 
with critical heights determined for all cases studied. Values in table
16 indicate that all heights considered in the study are lower than the 
critical heights determined and the stability of the embankment and the 
accompanying surcharges are structurally sound.
TABLE 16
CRITICAL HEIGHTS.QF EMBANKMENTS AND/QR SURCHARGES
SOIL
CRITICAL HEIGHT (ft .)
CASE I CASE n CASE H I
NO-15 2 0 29 36
N 0 -3 0 27 31 38
C - 3 0 19 25 31
S I -3 0 2 4 4 0 4 5
Note: Case : - 15-ft sand embankment (Yd = 120 pcf)
Case II - 15-ft sand embankment with 5-ft sand surcharge
(Yd = 120 pcf)
Case III- 15-ft sand embankment with 15-ft sand surcharge 




The rebound characteristics of organic soils were studied using 
load-unload cycles. Table 17 presents the results of the load-unload 
cycle on soil NO-15. Additional information is included in appendix 1.
In these tests, samples were loaded by 40, 60, 80, 100, 120 lbs. sur­
charged initially for a period of 48 hours. At the end of this period, 
parts of the total load were removed and the samples were maintained 
under the remaining surcharges for another period of 48 hours before 
their densities, moisture contents and unconfined compressive strengths 
were determined. Test results indicate negligible rebound characteristics 
for all soils investigated. Figure 31 and appendix 1 illustrate the 
rebound characteristics of the organic samples as a function of removal 
of the load and time after removal. These figures indicate that for 
periods of 7 days and 28 days after removal of the loads, the rebound 
characteristics of these soils were negligible. Figure 32 represents 
the test results of samples densified initially under 120 lb (1.76 tsf) 
surcharges for. a 48 hour period. After densification, the unloaded 
samples were placed in water for periods of 2, 7, 28, 30, and 180 days 
and the total load was removed (as outlined in Chapter 3). Results show 
no significant rebound which also proves that organic soils do not have 
a memory and that when they are densified, they remain densified even 
after removal of the total load without having a "spongy" reaction.
Static Reloading
The reloading phase of the study was determined using the same 
technique of the load-unload phase with replacement of the removed load 
after a no-load period of 48 hours. Results of this phase are presented 

















SURCHARGE REMOVED (lbs) SURCHARGE REMOVED (lbs) SURCHARGE REMOVED (lbs) '
0 20
11
40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
120 12 11 11 11 11 71 71 71 70 70 70 44 45 45 45 46 46
100 10 9 8 9 8 71 70 70 69 69 45 46 45 46 47
80 8 8 6 8
.
68 70 69 69 47 47 47 47
_|
60 6 6 5 67 69 67 48 48 49
40 4 5 66 67 50 50
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the load-unload cycle and indicate that no significant changes occur in 
the properties of the densified soils when the samples are unloaded and 
then reloaded.
Dynamic Loading
Figure 33 is a typical plot of the principal stress ratio versus 
the axial strain. The two solid lines extended beyond the stress levels 
used illustrate the change in slope of the reload cycle. The reload 
cycle is the change from a low stress load to a high stress level after 
the initial load cycle. This increase in slope indicates a stiffening 
of the soil material. A stiffness modulus M, was used to quantitatively 
define this change in stiffness. This modulus was defined as:
M = Change in Principal Stress Ratio 
Change in Axial Strain
Values of M were computed for each test and each reload cycle then 
normalized, taking for the first reload cycle M = 1. These values were 
then plotted versus the reload cycle number. Figure 34 illustrates such 
plots for soils SI-20 and SI-30. An identification code was used to 
describe each specimen and its past stress history in the plot. The 
first two numbers represent the densification pressure in kips per 
square foot which is the molding pressure and the chamber pressure during 
the cyclic test and is intended to simulate the dead load stress in the 
field. These numbers are followed by the letter U or D which represent 
the type of cyclic test whether it is undrained or drained. The last 
numbers represent the cyclic stress ratio which is the ratio of maximum 
axial stress to chamber pressure during cyclic loading. The axial 
stress is the devaitor stress on the specimen and is intended to simulate 
the live load stresses in the field, thus, this quantity represents the








Surcharge Removed and Replaced (lbs) Surcharge Removed and Replaced (lbs) Surcharge Removed and Replaced (lbs)
(lb*.)
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
120 13 13 13 13 13 13 54 54 54 54 53 54 67 68 68 68 68 69
C-30 
(Clay and
100 14 13 13 12 12 53 53 52 53 52 68 69 69 69 70
Organic)




60 7 8 7 51 51 51 72 70 71
40 5 5 51 50 73 73
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live load-dead load stress ratio. Other plots are found in appendix 1.
The results indicate that the organic soil will stiffen when subjected 
to a cyclic load. The soils tested here became 150% to 200% stiffer 
independently of the consolidation stress or drainage conditions. The 
number of load cycles appears to be the main dependent variable. For 
most specimens, the material approached the maximum stiffness within six 
reload cycles which indicates that stiffening of the soil due to live 
loading does not have a detrimental effect on the pavement performance 
since the low number of cycles required to stiffen the soil is reached 
during the construction of the highway. Figure 35 is a plot of M versus 
organic content. This plot shows the numerical value of M decreases 
with additional organic content.
The pore pressure plotted against the axial strain produced inter­
esting qualitative results. At the beginning of a test, the pore pres­
sure would increase in both the load and unload cycles. Towards the end 
of the test, the pore pressure would still increase on the load cycle, 
but would decrease on the unload cycle. Figure 36 is an example of 
this occurence. A similar result was obtained from the plots of volu­
metric strain versus axial strain in the undrained test.
The rebound characteristics determined by this phase of the study 
were negligible. Figure 37 shows the swell and moisture absorption 
characteristics as a function of time. The largest elongation generally 
occured within 10 minutes of the time the load was removed. These results 
indicate that the material, when stiffened by a cyclic load, would stay 
in this stiffened condition even after removing all stresses. There­
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Co that used (n the research and subjected to a comparable live, repe­
titive load would strain to a certain stiffness. In all probability, 
such an embankment would remain at this stiffness during periods of 
light loads to no loads. This confirms the theory presented earlier 




Based on the results of this study, the following conclusions are
made:
1. Organic soils can be densified by static surcharges.
Density, moisture content, and strength characteristics 
of organic soils are improved by surcharging.
2. Surcharge loads applied can be optimized at various intensity 
plateaus where additional loads within the limits of these 
plateaus will not result in significant changes and physical 
improvements in the soil. The establishment of the limits
of these plateaus is essential in optimizing the cost of 
surcharging.
3. The limits of the surcharge plateaus should be established 
experimentally, for various types of organic soils, as outlined 
in this study.
4. The densification process is intensified as the organic content 
of the soil is increased.
5. Organic soils are highly compressible with large amounts 
of settlement occuring immediately after the application 
of loads.
6. Classical theory of consolidation does not apply to organic 
soils. Although laboratory results appear to produce a good "fit" 
with the Taylor's theoretical curve, they do not determine Lhe
end of primary consolidation.
7. Primary consolidation is divided into two stages. A 
first stage primary which is dependent on the drainage of 
water from the voids, and a second stage primary which is a 
function of the compressibility of the fibers.
8. Field time-settlement curves of the first stage primary 
consolidation can best be predicted using Terzaghi's 
classical theory of consolidation. Second stage settle­
ment is a straight line function with the logarithm of 
time.
9. Compressibility of organic soils is reduced by pre­
compression. Values of av are reduced with increasing
densification surcharge.
10. Time required, for the settlement under the design
load to take place is reduced significantly by pre-
loading. (Families of time-settlement curves for 
typical loadings, are presented in this report.
They and similar curves for other loads can be used 
to determine the surcharge required or the preloading 
time.)
11. A significant reduction in the permeability of all
organic soils occurs by densification.
12. Distribution of vertical stresses in organic soils 
does not depend on the type of material used. It is 
dependent on the load applied. Maximum shear stress 
Increases as the compressibility of the soil increases.
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13. Boundaries of stresses induced by the earth structure 
and/or the surcharge loads in the foundation deposits 
should be determined so as the properties of densified 
deposits at various regions underlying the loaded areas 
can be delineated.
14. Rebound characteristics of organic soils are negligible.
No "sponge" action takes place after removal of load.
15. Densified organic soils stiffen as a result of cyclic 
loading.
16. Stiffness modulus, is independent of consolidation 
stress and drainage conditions. The number of cycles 
is the main factor affecting the stiffness modulus.
17. Maximum stiffness is obtained after a few repetitions 
of a cyclic load indicating that stiffening in the 
field takes place during the construction period, and 
the material would Sustain cyclic loads produced
by highway traffic, without producing any damage to 
the earth structure.
18. The strength of organic soils is, generally, of a cohesive 
nature. Failure of these soils takes place by yielding.
Based on the above conclusions, it is recommended that:
1. Isolated organic deposits should be densified by surcharging 
rather than removing and replacing them.
2. Embankments be constructed and studied, based on the
findings of this research, to substantiate the findings
of this study, some of which can only be substantiated 
by field studies.
.10
3. Dons i f i.cn t Ion be applied, not only to isolated deposits,
but, also to continuous organic deposits under embankments, 
provided it is substantiated by field studies.
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(Silt & Organic) 60 59 6 55
Organic Content; 





100 62 8 52
120 62 9 52
140 62 10 51

















0% 80 98 24

















20 42 2 88
SA-30 40 43 4 84
(Sand & Organic) 60 46 5 75
Organic Content: 





100 57 9 57
120 59 12 55















20 62 3 49
SA-20
40 62 3 50
(Sand & Organic) j
I 60 64 5 48
Organic Content: |
20% go 64 6 48
Slaking Period: | 100 48 Hours II 67 8 43
























SOIL: N O - 3 0
SOIL T Y P E : NATURAL ORGANIC
ORGANIC CONTENT: 3 0 %
10 SURCHARGE: 80 LBS.
5
0 5 10 15 20 2 5 3 0
<r(PSI)
10 SURCHARGE: 100 LBS.
5
0 5 10 15 2 520 3 0
O-(PSI)
10 SURCHARGE: 120 LBS.
5


















SOIL TYPE NATURAL ORGANIC
ORGANIC CONTENT: 15%
SURCHARGE« 20  LBS.
El
0 5 10 15 20 25 30
©■(PSI)
SURCHARGE« 4 0  LBS.
0 5 10 15 20 25 30
©( PSI)

















SOIL: NO -  15
SOIL TYPE: NATURAL ORGANIC
ORGANIC CONTENT: 15%
10
SURCHARGE. 80  LBS.
5
0 5 10 15 20 25 30









O 5 10 15 20 25 30
<r(PSl)
FIGURE 1-3-3
SOIL C -  30
SOIL TYPE: CLAY AND ORGANIC
ORANIC CONTENT: 3 0 %
SURCHARGE: 20  LBS.
3 -
0 5 2010 15
cr (PSI)




0 205 10 15
a (P S I)
SURCHARGE: 6 0  LBS.
10 155 20O















SOIL TYPE: CLAY AND ORGANIC
ORGANIC CONTENT: 3 0 %6




O 5 10 15 20
a  (PSI)





O 5 10 15 20
a(psi)
SURCHARGE-' 120 LBS.

















SOIL: C -  20
SOIL TYPE: CLAY AND ORGANIC






0 5 10 15 20
a  (PSI)
5



























SOIL: C - 20
SOIL TYPE: CLAY AND ORGANIC
ORGANIC CONTENT 20%  






0 5 10 15 20
<r(PSl)
SURCHARGE: 100 LBS.























SOIL TYPE: CLAY AND ORGANICORGANIC CONTENT: 10%




.La- /  N t \ r
0 5 10 15 20
O-(PSI)
SURCHARGE: 40  LBS.
20

















SOIL C - I O
SOIL TYPE: CLAY AND ORGANIC
ORGANIC CONTENT: 10%




0 5 (0 2015
O ’ (PSI)
SURCHARGE: 100 LBS.
0 5 10 15 20
cr( psi)
























SOIL SI -3 0
SOIL TYPE: SILT AND ORGANIC
ORGANIC CONTENT: 3 0 %
10
SURCHARGE: 20  LBS.
5
302515 200 5 10
or ( PSI)
10
SURCHARGE: 40  LBS.
5
302515 200 5 10
O  ( PSI)
10
SURCHARGE: 6 0  LBS.
5






















SOIL: S I - 3 0
SOIL TYPES: SILT AND ORGANIC

















SOIL TYPE: SILT AND ORGANIC
ORGANIC CONTENT: 20%
SURCHARGE: 20  LBS.
<o . CL 5
30O 5 10 15 2520
a(PSI)
SURCHARGE: 40  LBS.
o. 5
302510 15 200 5
a  (PSD
SURCHARGE: 60  LBS.
toCL 5





3010 15 255 200
a  (PSD 
FIGURE 1-3-12
SOIL: S I-2 0
SOIL TYPE: SILT AND ORGANIC
ORGANIC CONTENT: 20%
10 SURCHARGE: 100 LBS.
5
30O 5 10 15 20 25
©■(PSI)
10 SURCHARGE: 120 LBS.
5





















SOIL: S A - 3 0
SOIL TYPE:  SAND AND ORGANIC
ORGANIC CO NTENT: 3 0 %
10
SURCHARGE: 2 0  LBS.
5
I n
20O 5 10 15 25




O 10 155 20 25
C7 ( PS I )
10
SURCHARGE : 6 0  LBS.
5




SOIL: S A - 3 0
SOIL TYPE: SAND AND ORGANIC
ORGAIC CONTENT: 30%10
SURCHARGE: 8 0  LBS.
5
O 5 1510 20 25 30




0 5 10 15 20 30




















SOIL S A -2 0
SOIL TYPE -' SAND AND ORGANIC




0 5 10 15 20 25
<jr (PSI)
10
SURCHARGE = 40  LBS.
5
O 5 10 15 20 25
OTPSI)
10
SURCHARGE : 60  LBS.
5
















SOIL- S A -2 0









cr ( p s i)









a ( ts f)





SOIL TYPE! NATURAL ORGANIC 
ORGANIC CONTENT! 3 0 %  
^SURCHARGE










60 lb jo s e js n 0.2
40 lb (0.59 »8f)
20 lb (0.29 taf)
SOIL : C - 2 0
SOIL TYPE : CLAY AND ORGANIC 













120 lb (1.76 tsf)
100 lb (1.47 tsf)
80 lb (1.17 tif) 0.2
60 lb (0.88 tsf)
59 tsf)40
SOIL C -10
SOIL TYPE • CLAY AND ORGANIC 
ORGANIC CONTENT! 10 %
0.1












0.2 0.3 0.4 0.5
a o  lb (0 .59 tsf - 0.68
m o lb (1.47 tsf)  
8 0  lb (1.17 ts f7
6
0.4
fiOtb (0 .8 8  ts f j4
0.2
SOIL- S I - 3 0  





0 2 3 4 5 6 7
C(psi)
FIGURE 1-4-4
SOIL: S A - 2 0
SOIL TYPE: SAND AND ORGANIC 

























Sample- S I - 3 0  
100 lb. Surcharge




STRAIN ( in/ in )
.024 .032 .040.030.010 .020





Sample: S I - 10 
100 lb. Surcharge




STRAIN ( '% , )
.060 0.080.02 0.060.04 
































SOIL: c - 30
ORGANIC CONTENT: 30%
SOIL: C-20 




















1 6 0 0 — i— ... ...j--- ------------- 1----------------- 1---------------- 4 -------
1 4 0 0 - -
1200 - • -
1 0 0 0 - -
8 0 0 - • -
6 0 0 - -
•
4 0 0 - 0 S O IL: S I -9 0 -
ORGANIC CONTENT: 3 0 %
200< >■ -
1 6 0 0 -
1 1 9 1 
• -
1 4 0 0 - -
1200 - -
1 0 0 0 - • -
8 0 0 - -
•
6 0 0 - • • -
4 0 0 - SOIL: S I - 2 0 -




1 4 0 0 -
1 1 1 -t ' 
• -
1200 - -
1 0 0 0 - • -
8 0 0 - • -
6 0 0 . • _
i i •
4 0 0 - -
S O IL : S I -1 0
2 0 0 ORGANIC C O N TE N T: 10%
________i , i i_____







































1 Tsf 2  Tsf 4  Tsf
650250 1100
300 1200750
6 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 6 0  125 2 0 0
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60


























SURCHARGE: 2 0  LBS SOIL: NO -30 SURCHARGE: 120 LBSSURCHARGE: 2 0  LBS SOIL: N 0 -3 0SOIL: N 0 -30
11601650












6 25 60 125
TIME (Min.) SQUARE ROOT SCALE
200 300 6 25 60 125
TIME (Min.) SQUARE ROOT SCALE
200 300 6 25 60 125 200




































2  Tsf 4  Tsf 8  Tsf
1330 1575 2100
1350 1625 22006 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60 125 200



































1 Tsf 2  Tsf 4  Tsf
2258 r 2800 3295
2300 2905 34006 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60 125 200



































16 Tsf8 Tsf 3 2  Tsf
3700 4200 4700
3800 4300 4800
6 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60 125 200


























SOIL: NO-15 SURCHARGE: 120 LBSSOIL: NO-15 SURCHARGE: 120 LBSSOIL: NO-15 SURCHARGE: 120 LBS 130010007309-
  LABORATORY
LO A D ING  PHASE
—  LABORATORY  
L O A D IN G  PHASE
—  LABORATORY i 





4  Tsf2 Tsf
980 1500 1800
3006 25 60
TIME (Min.) SQUARE ROOT SCALE
125 2006 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60 125 200






















































































0 6 25 60 125 200 300 0 6 25 60 125 200 300 0 6 25 60 125 200 300
TIME (Min.) SQUARE ROOT SCALE TIME (Min.) SQUARE ROOT SCALE TIME (Min.) SQUARE ROOT SCALE
FIGURE 1-6-7






LOADING PHASE 1200■00 950
13001000
1400800 j- 1050
2  Tsf1 Tsf
850 ► 1100 1500
1150 16006 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300

































1800 f 2300 2700
4  Tsf 8 Tsf 16 Tsf
1900 2400 2800
2000 2500 2900
6 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 €0 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60 125 200







































1 Tsf 2  Tsf
140 240 4506 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60 125 200

























SURCHARGE: 120 LBSSOIL: C-30SURCHARGE: 120 LBSSOIL: C-30SOIL: C-30 SURCHARGE: 120 LBS 1300,400 800










4  Tsf 16 Tsf8 Tsf
650 1300 1800
6 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
6 25 60 125 200





































2  Tsf1 Tsf% Tsf
600 900 1325
650 950 13756 25 60 125
TIME (Min.) SQUARE ROOT SCALE
200 300 6 25 60
TIME (Min.) SQUARE ROOT SCALE
125 200 300 6 25 60 125




































4  Tsf 8 Tsf
1800 2165 2700
1900 2215 28006 25 60 125 200
T IM E  (M in .)  S Q U A R E  R O O T  S C A L E
300 6 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60 125
TIME (Min.) SQUARE ROOT SCALE
200 300























SOIL: C—10 SURCHARGE: 2 0  LBSSOIL: C - IO  SURCHARGE: 20  LBSSOIL: C—10 SURCHARGE: 20 LBS 28752100
— THEORETICAL 
—  LABORATORY 
LOADING PHASE
—  THEORETICAL
—  LABORATORY 
LOADING PHASE
—  THEORETICAL




32502 i00 r 2700
2900 3375
i
2 Tsf 4  Tsf
j 31002300
25 300 0 25 125 300 6 25 1250 6 60 200 6 60 200 60 200 300






























SOIL: C—10 SURCHARGE: 20  LBS
1 7
































SOIL: C - IO  SURCHARGE: 2 0  LBS
I
1 1
- - - - - - - - - - - - THEO RETICAL
- - - - - - - - - - - - LABORATORY
RELOADING PHASE
\
\ \ \ \
\  \











6 25 60 125 200 300 0
TIME (Min.) SQUARE ROOT SCALE
6 25 60 125 200 300 0 6 25 60 125 200 300



































6  Tsf4  Tsf 8 Tsf
4150 4250 4450
6 25 60 125
TIME (Min.) SQUARE ROOT SCALE
200 6 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300300 6 25 60 125







































1 Tsf 4  Tsf 8 Tsf
2550 3900 4100
6 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60
TIME (Min.) SQUARE ROOT SCALE
125 200 300











- - - - - - - - - - - - THEORETICAL











SOIL C-10 SURCHARGE: 120 LBS
>
! 1
- - - - - - - - - - - - THEORETICAL














SOIL C-10 SURCHARGE: 120 LBS
<>v
" 1 " "  T '
- - - - - - - - - - - - THEORETICAL





o 6 25 60 125 200 300 0 6 25 60 125 200 300 0  6 25 60 125 200 300
































- - - - - - - - - - - - TH EO R ETIC AL
LABO R ATO R Y 





















L. .  . J
3800 r




0 6 25 60 125 200 300





















SOIL: C-10 SURCHARGE: 120 LBS
T  1
- - - - - - - - - - - - THEORETICAL








0 6 25 60 125 200 300 ” " 0  6 25 60 125 200 300






























SOIL: C-10 SURCHARGE: 120 LBS
4150
V
- - - - - - - - - - - THEORETICAL
- - - - - - - - - - -  LABORATORY












0 6 25 60 125 200 300




- - - - - - - - - - - - THEORETICAL
LABORATORY  












SOIL: C-10 SURCHARGE: 120 LBS
0 6 25 60 125 200 300




- - - - - - - - - - - - THEO R ETICAL
LABORATORY  






0 6 25 60 125 200 300

























SOIL: S I-30 SURCHARGE: 2 0  LBSSURCHARGE: 2 0  LBSSURCHARGE: 2 0  LBS SO IL: S I-3 0SOIL: S I-3 0 16001200950 j
| j
 LABORATORY j
LO A D ING  PHASE :
 LABORATORY
LO A D IN G  PHASE
 LABORATORY





1 Tsf 2 Tsf
1200 210017000 6 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 125 300 6 25 60
TIME (Min.) SQUARE ROOT SCALE
125 2006 25 60


























SOIL: S I-30 SURCHARGE: 120 LBSSURCHARGE: 120 LBSSURCHARGE: 2 0  LBSSOIL: S I-30 SOIL: SI-30 220902200
—  LABORATORY  
LO A D IN G  PH ASE
—  LABORATORY  
L O A D IN G  PHASE !
—  LABORATORY j 





8 Tsf 1 Tsf 2  Tsf
190 320
6 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60 125 200
















































0 6 25 60 125 200 300






-L A B O R A T O R Y  





\  \  \  S
\ \
w





0 6 25 60 125 200 300











> \  
\  '
0 6 25 60 125 200 300





































4  Tsf2 Tsf1 Tsf
17501600 300125 2006 25 60
TIME (Min.) SQUARE ROOT SCALE
200 3006 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25


























SOIL: SA -30 SURCHARGE: 2 0  LBS SOIL: S A -30  SURCHARGE: 2 0  LBS SOIL: S A -30  SURCHARGE: 120 LBS9CG -2 30 0 'I9D0
 LABORATORY j
LO A D IN G  PHASE j
 LABORATORY
LO ADING  PHASE
 LABORATORY !





8 Tsf 2  Tsf16 Tsf
3300 1400
6 25 60
TIME (Min.) SQUARE ROOT SCALE
125 200 300 $ 25 60
TIME (Min.) SQUARE ROOT SCALE
125 200 300 6 25 60 125 200






































4  Tsf 8 Tsf 16 Tsf
1450 1900 2400
1500 2000 25006 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60 125 200
TIME (Min.) SQUARE ROOT SCALE
300 6 25 60 125 200






















SOIL: SI-30 SURCHARGE: 20 LBS LOADING PHASE




I i i i i i 1111 i i i 11111 ____L, l 1 1 I 111 .1 i i i i i M
.2 .5 I 10 100 1000 10000










































TIME (Min.) LOG SCALE
1000 10000
FIGURE 1-7-2













SOIL:NO-30 ORGANIC CONTENT: 30%
1000 - SURCHARGE: 80 LBS
800 -
600* L • a
400 -
9






















____L. .. .1 . ... ___  _____________ _________ _ i____________ i______ ___
I 2 4  8 16



















2 4 8 16 32












SOIL: NO-15 ORGANIC CONTENT: 15%





















I 1 1 1
i ► 1 1 1 1









......... 1 ___ J_ .... ......
I 2 4  8 16 32
PRESSURE (TSF) LO G  SCALE
FIGURE 1-8-3











SOIL: N O -3 0  ORGANIC CONTENT: 30%
SURCHARGE: 20 LBS ~
Cc = 0.5417
av = 0 .0 2 3 6  f t2/ton
SURCHARGE: 4 0  LBS ~
Cc = 0 .4 8 3 3
av = 0 .0 21 0  f t 2/ton
SURCHARGE: 60  LBS-
Cc = 0 .5967  
a„= 0 .0216 f t 2/ton
1/2 2 4 168










SOIL: N O -3 0  ORGANIC CONTENT: 30%
SURCHARGE: 80  LBS
Cc = 0 .5 6 6 7
Qs, = 0 .0 2 0 5  f t 2/ton
SURCHARGE: 100 LBS -
Cc = 0 .5 2 6 7
Qv, = 0.0191 f t 2/ton
SURCHARGE: 120 LBS
Cc = 0 .5 2 3 3
ow s 0 .0190  f t 2/ton
1/2 2 4 8 16










SOIL: NO-15 ORGANIC CONTENT: 15%
SURCHARGE: 20  LBS
I
Cc = 0 .4 0 5 6  
au = 0 .0196 f t 2/to n
0
SURCHARGE: 4 0  LBS
I
Cc = 0 .3778
av = 0.0182 f t 2/ to n
0
SURCHARGE: 60  LBS
I
Cc = 0 .3 7 5 0
a» = 0 .0163  f t 2/ to n
0
1/2 2 A










SOIL: NO-15 ORGANIC CONTENT: 15%
SURCHARGE: 80  LBS
Cc = 0 .4 0 0 0
a..= 0 .0145  f t 2/ton
SURCHARGE: 100 LBS
<F
Cc = 0 .3667
Ow = 0 .0133 t t2/ton
SURCHARGE: 120 LBS
Cc = 0 .3 8 8 9
au = 0 .0 0 8 4  f t 2/ton
1/2 2 4 8 3216
PRESSURE (TSF) LO G  SCALE
FIGURE 1-9-4
! 0
SOIL: C-30 ORGANIC CONTENT: 30%
SURCHARGE: 80  LBS
Cc= 0 .6 6 6 7
a.,= 0 .0 2 4 2  f t 2/ton








Cc= 0 .5 2 5 0  
a, = 0 .0 2 2 8  f t 2/ton
SURCHARGE: 120 LBS
Cc = 0 .4 8 3 3  
a =0.0210 ft2/ton
1/2 2 4 8 16
PRESSURE (TSF) LO G  SCALE
FIGURE 1-9-5
.' i 1







SURCHARGE: 20  LBS
Cc = 0.6167 ^
av = 0 .0 22 4  f t 2/ton
I
2 SURCHARGE: 6 0  LBS
I Cc= 0.6167 -c=
au= 0 .0224  f t 2/ton
2
SURCHARGE: 100 LBS
I Cc = 0 .5833
a„ s 0.0211 f t 2/ton
2 161/2 4 8
PRESSURE (TSF) LO G  SCALE
FIGURE 1-9-6
SOIL: C-10 ORGANIC CONTENT: 10%
SURCHARGE: 20  LBS
Cc= 0 .5 8 3 3  
a = 0 .0 5 0 7  f t 2/ton








Cc = 0 .6 6 6 7  
a,.= 0 .0 4 8 3  f t 2/ton
SURCHARGE: 6 0  LBS
Cc= 0 .5667  
I — av= 0.0411 f t 2/ton
1/2 2 4 8 16









SOIL: C-10 ORGANIC CONTENT: 10%
2 - SURCHARGE: 80  LBS ~
Cc= 0 .6 7 5 0  
a = 0 .0 2 9 4  f t 2/ton
SURCHARGE: 100 LBS "
Cc= 0 .5833  
a = 0 .0 2 5 4  ft 2/ton
SURCHARGE: 120 LBS
-  Cc= 0 .6333 ^
av= 0 .0 2 3 0  f t 2/ton
21/2 4 168
PRESSURE (TSF) L O G  SCALE
FIGURE 1^9-8
SOIL: SI-30 ORGANIC CONTENT: 30%
SURCHARGE: 20  LBS
cc = 0.7333 
a = 0.0532 ft /ton







Cc = 0 .5 6 6 7  
au =0.0411 ft /to n
SURCHARGE: 6 0  LBS
Cc = 0 .4 6 6 7  
I -  au = 0 .0 3 3 8  f.t /ton
1/2 2 4 8 16
PRESSURE (TSF) LO G  SCALE
FIGURE It-9-9
SOIL: SI-30 ORGANIC CONTENT: 30%
SURCHARGE: 8 0  LBS
Cc = 0 ,4 3 3 3  
a . =0.0314 f t 2/ton
SURCHARGE: 100 LBS
Cc = 0 .5 8 3 3  
a„ = 0 .0 2 5 4  f t 2/ton
SURCHARGE: 120 LBS
C c= 0 .5 9 3 3
a 4, = 0.0215 f t 2/ton
1/2 2 4 168
PRESSURE (TSF) L O G  SCALE
FIGURE 1-9-10
2L6





2 SURCHARGE: 2 0  LBS "
Cc= 0.3667
a..* 0 .0 2 6 6  ft2/tonI
2 SURCHARGE: 4 0  LBS “
Cc= 0 .3 5 0 0  
Qii!  0 .0 2 5 4  f t 2/tonI
2 SURCHARGE: 6 0  LBS “
Cc= 0 .383 3
aw = 0.0167 ft 2/tonI
1/2 2 4 8 16










SOIL: S I-20  O R G A N IC  CO NTENT: 2 0 %
SURCHARGE: 100 LBS
Cc= 0.3750  
I -  aws 0.0163 f t 2/ton
SURCHARGE: 120 LBS
c c= 0.4333  
a =0.0157 f t 2/ton 01
1/2 162 4 8










SOIL: SA-30 ORGANIC CONTENT: 30%
SURCHARGE: 20  LBS -
Cc = 0 .5 6 6 7
Qu = 0 .0 2 0 5  f t 2/ton
SURCHARGE: 6 0  LBS -2 -
Cc = 0 .5 0 0 0  
au = 0.0181 f t 2/ton
1/2 2 4 8 16









SOIL: SA-30 O RG ANIC  CONTENT: 30%
SURCHARGE: 80  LBS
Cc = 0 .7 3 3 3
au = 0 .0 2 6 6  f t 2/ton
SURCHARGE: 120 LBS
Cc = 0 .6 6 6 7  
au = 0 .0 2 4 2  f t 2/ton
164 821/2










SOIL N°-30 ORGANIC C O N TE N T 30%
Natural .










20 0.29 0.66 0
40 0.59 0.61 7.6
6 0 0.88 0.60 9.1
80 1.17 0.58 12.1
100 1.47 0.57 13.6
120 1.76 0.50 24.2
Table 1-10-1
222
COEFFICIENT O F PERMEABILITY
SOIL N0~30 ORGANIC CONTENT 3ro
Natural










2 0 0 .29 0.42 36.4
4 0 0.59 0.33 50.0
6 0 0.88 0.27 59.1
80 1.17 0.25 62.1
100 1.47 0.19 71.2
120 1.76 0.19 71.2
Table 1-10-2
COEFFICIENT OF PERMEABILITY
SOIL N0~15 ORGANIC CONTENT ___
Natural










20 0 .29 0.40 0
4 0 0.59 0.37 7.5
6 0 0.88 0.34 15.0
80 1.17 0.31 22.5
100 1.47 0.27 32.5




SOIL J?.?: 15 , . ORGANIC CONTENT 15y°__
Natural










2 0 0.29 0.20 50.0
4 0 0.59 0.18 55.0
6 0 0.88 0.15 62.5
80 1.17 0.11 72.5
100 1.47 0.08 80.0
120 1.76 0.04 90.0
Table 1-10-4
COEFFICIENT OF PERMEABILITY
SOIL c-30 ORGANIC CONTENT 30%
Clay and










2 0 0 .29 0.088 0
4 0 0.59 0.083 5.7
6 0 0.88 0.081 8.0
80 1.17 0.073 17.0
100 1.47 0.062 29.5
120 1.76 0.059 33.0
Table 1-10-5
226
COEFFICIENT O F PERMEABILITY
SOIL c-30 ORGANIC C O N TE N T___ m _ _
Clay and










20 0.29 0.052 40.9
4 0 0.59 0.042 52.3
6 0 0.88 0.035 60.2
80 1.17 0.032 63.6
100 1.47 0.028 68.2
120 1.76 0.021 76.1
Table 1-10-6
227
COEFFICIENT O F PERMEABILITY
SOIL c-20 ORGANIC C O N TE N T.... 2P?°___
Clay and










20 0.29 0.082 0
40 0.59 * *
6 0 0.88 0.070 14.6
80 1.17 * *
100 1.47 0.053 35.4




SO IL c~20_______ O R G A N IC  C O N TE N T 2 m
Clay and










20 0 .29 .. 0.050 39.0
4 0 0.59 * *
60 0.88 0.027 67.1
80 1.17 * *
100 1.47 0.024 70.7





SOIL c- 10 ORGANIC C O N T E N T  m__
Clay and










20 0 .29 0.069 0
4 0 0.59 0.065 5.8
60 0.88 0.054 21.7
80 1.17 0.053 23.2
100 1.47 0.047 31.9
120 1.76 0.047 31.9
Table 1-10-9
COEFFICIENT OF PERMEABILITY
SOIL c-io _ ORGANIC C O N TE N T m __
Clay and










2 0 0.29 0.035 49.3
4 0 0.59 0.030 56.5
6 0 0.88 0.028 59.4
80 1.17 0.024 65.2
100 1.47 0.019 72.5
120 1.76 0.014 79.7
Table 1-10-10
COEFFICIENT O F PERMEABILITY
SOIL s i-3 0  ORGANIC CONTENT ____
Silt and










2 0 0.29 0.23 0
4 0 0.59 0.19 17.4
6 0 0.88 0.17 26.1
80 1.17 0.16 30.4
100 1.47 0.14 39.1
120 1.76 0.13 43.5
Table 1-10-11
232
COEFFICIENT O F PERMEABILITY
SOIL - SI-30 ORGANIC C O N TE N T 30% ,
Silt and










2 0 0 .29 0.124 46.1
4 0 0.59 0.092 60.0
6 0 0.88 0.079 65.7
80 1.17 0.073 68.3
100 1.47 0.063 72.6




SOIL SI- 20 ORGANIC CONTENT__2o%___
Silt and










20 0.29 0.19 0
4 0 0.59 0.17 10.5
60 0.88 0.16 15.8
80 1.17 * *
100 1.47 * *
120 1.76 0.13 31.6
*not determined
Table 1-10-13
COEFFICIENT O F PERMEABILITY
SOIL s i - 20 ORGANIC CONTENT 2re
Silt and










20 0 .29 0.094 50.5
4 0 0.59 0.086 54.7
6 0 0.88 0.080 57.9
80 1.17 * *
100 1.47 0.076 60.0




SOIL SA-30 ORGANIC CONTENT 3”
Sand and










20 0.29 0.53 0
4 0 0.59 * A
6 0 0.88 0.42 20.8
80 1.17 0.39 26.4
100 1.47 * *




SOIL SA- 30 O R G A N IC  C O N TE N T .. 3W__
Sand and










2 0 0.29 0.20 62.3
4 0 0.59 * *
6 0 0.88 0.18 66.0
80 1.17 0.16 69.8
100 1.47 * *











SOIL - no-30 O RG ANIC CONTENT 3oy° SOIL TYPE 0rg ^ic 












(cm /  sec)
CHANGE IN
k (%)
1 0.66 0 1 0.61 0
2 0.59 10.6 2 0.58 4.9
4 0.55 16.7 4 0.52 14.8
8 0.42 36.4 8 0.33 45.9




SOIL N°-30 ORGANIC CONTENT 30* SOIL TYPF0rganli: 
















0.60 0 1 0.58 0
2 0.55 8.3 2 0.54 6.9
4 0.49 18.3 4 0.46 20.7
8 0.27 55.0 8 0.25 56.9





SOIL nq-30 ORGANIC CONTENT 30% SOIL TYPE organic 















1 0.57 0 1 0.50 0
2 0.49 14.0 2 0.41 18.0
4 0.36 36.8 4 0.33 34.0
8 0.19 66.7 8 0.19 62.0





SOIL NO-15 ORGANIC CONTENT 15% SOIL TYPF Organic















1 0.40 0 1 0.37 0
2 0.32 20.0 2 0.29 21.6
4 0.24 40.0 4 0.21 43.2
8 0.20 50.0 8 0.18 51.4




SOIL ho-15 ORGANIC CONTENT m  SOIL TYPF 0 r 8an lc

















1 0.34 0 0.31 0
2 0.26 23.5 2 0.21 32.3
4 0.20 41.2 4 0.18 41.9
8 0.15 55.9 8 0.11 64.5




SOIL no-15 ORGANIC CONTENT 15t SOIL TYPE 0rsanic 















1 0.27 0 1 0.20 0
2 0.17 37.0 2 0.13 35.0
4 0.16 40.7 4 0.09 55.0
8 0.08 70.4 8 0.04 80.0




SOIL c-30 O R G A N IC  C O N TEN T 30% $ o iL  TYPE. Organic 




















2 0.083 5.7 2 0.074 10.8
4 0.077 12.5 4 0.054 34.9
8 0.052 40.9 8 0.042 49.4
16 0.045 48.9 16 0.031 62.7
Table 1-11-7
COEFFICIENT O F PERMEABILITY
Clay and
SOIL c-30 ORGANIC CONTENT 30% SOIL TYPE Organic 
















0.081 0 1 0.073 0
2 0.058 28.4 2 0.052 28.8
4 0.047 42.0 4 0.043 41.1
8 0.035 56.8 8 0.032 56.2




SOIL c-30 ORGANIC CONTENT 30% SOIL TYPE Organic 















1 0.062 0 1 0.059 0
2 0.053 14.5 2 0.052 11.9
4 0.042 32.3 4 0.039 33.9
8 0.028 54.8 8 0.021 64.4





SOIL ° -20 ORGANIC CONTENT 20/‘ SOIL TYPF organic 
















1 0.082 0 0.070 0
2 0.064 22.0 2 0.059 15.7
4 0.056 31.7 4 0.035 50.0
8 0.050 39.0 8 0.027 61.4
16 0.021 74.4 16 0.017 75.7
Table 1-11-10
248
COEFFICIENT O F PERMEABILITY
SOIL <=-2o O RG ANIC CONTENT SOIL TYPE Clay and Orga
















*1 0 1 *
2 0.040 24.5 2 * *
4 0.023 56.6 4 * *
8 0.024 54.7 8 * *






SOIL c-10 ORGANIC CONTENT 10?- SOIL TYPF 0rsanic 

















1 0.069 0 1 0.065 0
2 0.054 21.7 2 0.051 21.5
4 0.044 36.2 4 0.038 41.5
8 0.035 49.3 8 0.030 53.8
16 0.031 55.1 16 0.027 58.5
Table 1-11-12
250
COEFFICIENT O F PERMEABILITY
SOIL c l ° ORGANIC CONTENT 10% SOIL TYPE, Organic















1 0.054 0 1 0.053 0
2 0.048 11.1 2 0.045 15.1
4 0.037 31.5 4 0.037 30.2
8 0.028 48.1 8 0.024 54.7





SOIL g- 10 O RG ANIC CONTENT 10% SOIL TYPF 0rsanlc 

















0.047 0 1 0
2 0.039 17.0 2 0.034 27.7
4 0.032 31.9 4 0.031 34.0
8 0.019 59.6 8 0.014 70.2





SOIL SI' 30 ORGANIC CONTENT SOIL TYPE. Organic















1 0.23 0 1 0.19 0
2 0.21 8.7 2 0.14 26.3
4 0.17 26.1 4 0.11 42.1
8 0.12 47.8 8 0.09 52.6
16 0.10 56.5 16 0.08 57.9
Table 1-11-15
253
COEFFICIENT O F PERMEABILITY
Silt and
SOIL SI~3° ORGANIC CONTENT 3”  SOIL TYPE °rsanlC
















0.17 0 1 0.16 0
2 0.12 29.4 2 0.12 25.0
4 0.09 47.1 4 0.08 50.0
8 0.08 52.9 8 0.07 56.3





SOIL s i-3 0  O RG ANIC CONTENT 30Z SOIL TYPF0rgar,lc 















1 0.14 0 1 0.13 0
2 0.10 28.6 2 0.09 30.8
4 0.07 50.0 4 0.07 46.2
8 0.06 57.1 8 0.06 53.8





SOIL si-20 ORGANIC CONTENT 2OT SOIL TYPE 0rBaplc 















1 0.19 0 1 0.17 0
2 0.16 15.8 2 0.14 17.6
4 0.13 31.6 4 0.11 35.3
8 0.09 52.6 8 0.09 47.1





soil s i-2 0  ORGANIC C O N T E N T _ J 2 !_  SOIL TYPE 0r ga n lc















1 0.16 0 1 * *
2 0.12 25.0 2 0.12 0
4 0.11 31.3 4 0.09 25.0
8 0.08 50.0 8 0.08 33.3




COEFFICIENT O F PERMEABILITY
Silt and
SOIL SI-20 ORGANIC CONTENT 20 *  SOIL TYPE organic 

















0.13 0 1 *
2 0.11 15.4 2 * *
4 0.08 38.5 4 * *
8 0.07 46.2 8 * *






SOIL SA-30 O RGANIC CONTENT 30% SOIL TYPE 0rganlc 















1 0.53 0 1 0.42 0
2 0.37 30.2 2 0.32 23.8
4 0.28 47.2 4 0.23 45.2
8 0.20 62.3 8 0.18 57.1
16 0.07 86.8 16 0.03 92.9
Table 1-11-21
COEFFICIENT O F PERMEABILITY
Sand and
SOIL SA-3° ORGANIC CONTENT ^  SOIL TYPE °reanlc 















1 0.39 0 1 0.34 0
2 0.29 25.6 2 0.26 23.5
4 0.22 43.6 4 0.18 47.1
8 0.16 59.0 8 0.13 61.8
16 0.04 89.7 16 0.03 91.2
Table 1-11^22













SURCHARGE REMOVED (lbs) SURCHARGE REMOVED (lbs) SURCHARGE REMOVED (lbs)
(lb*-)
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
120 12 11 11 11 12 10 55 54 55 54 55 53 62 62 61 63 62 63
(Natural
Organic)
100 9 9 9 8 9 54 54 54 54 53 63 63 63 63 64
80 8 8 8 8 54 54 54 54 63 63 .64 64
Organic
Content: 60 8 7 7 52 52 53 66 65 64
40 6 5 52 50 68 68
Table 1-12-2








SURCHARGE REMOVED (lbs) SVRCilARGE REMOVED (lbs) SURCHARGE REMOVED (lbs)
(lbs.)
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
120 14 14 13 12 13 13 54 55 54 53 54 53 66 67 67 68 67 68
(Clay and 
Organic)
100 11 9 10 9 9 53 53 53 53 53 68 68 68 69 69




60 8 6 6 52 52 51 71 71 73
40 5 5 50 50 70 70
Table 1-12-3
SOIL


















120 10 8 9 8 59 58 58 59 59 59 57 58 60 60 59 60
100 7 7 7 7 7 58 58 58 58 58 58 59 61 61 60




60 5 4 5 55 56 56 61 62 62















SURCHARGE REMOVED (lbs) ' SURCHARGE REMOVED (lbs) SURCHARGE REMOVED (lbs)
(lb..)
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
120 10 12 11 12 11 9 65 64 64 64 63 62 56 56 56 56 57 59
100 9 9 9 9 9 63 64 63 62 62 57 57 57 58 57
Organic) 80 7 7 6 6 62 61 62 61 57 58 58 58
Organic
Content: 60 5 6 5 59 60 60 62 63 62










SURCHARGE REMOVED (lbs) SURCHARGE REMOVED (lbs) SURCHARGE REMOVED (lbs)






120 11 12 10 12 10 9 68 70 68 69 68 67 I 51 51 53 51 51 51
100 9 9 9 9 8 57 57 55 56 55 56 56 56 55 56
80 8 8 8 8 56 55 56 56 56 58 58 59
60 6 6 7 56 55 53 56 57 63
30%




















SURCHARGE REMOVED (lbs) SURCHARGE REMOVED (lbs) SURCHARGE REMOVED (lbs)
0 20
12
40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
120 12 12 11 11 12 65 65 65 65 65
“
46 46 46 46 46 46
100 11 10 9 10 * 62 62 62 62 * 47 48 48 48 ★
80 8 9 8 9 60 61 61 62 51 52 52 52
60 8 8 7 59 60 61 52 53 54












SURCHARGE REMOVED (lbs) ' SURCHARGE REMOVED (lbs) SURCHARGE REMOVED (lbs)







120 13 13 13 13 12 14 79 79 80 80 79 79 35 36 36 36 37 36
100 10 11 10 9 9 79 79 79 77 78 35 36 36 37 37
80 7 7 7 8 78 78 78 77 36 35 36 36
60
‘
6 7 76 77 77 36 37 37












SURCHARGE REMOVED (lbs) ' SURCHARGE REMOVED (lbs) SURCHARGE REMOVED (lbs)
(lbs.)
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
120 * ★ * * * * * * * * "k it ★ ★ * ★ * *
100 10 8 9 9 * 71 66 71 70 •k 38 45 39 40 *
Organic) 80 6 6 3 6 69 69 67 69 41 39 42 38
Organic | 
Content: 1 60 5 5 5 68 68 68 42 41 42
307. ; 









































SOIL: NO - 3 0
ORGANIC CONTENT : 3 0 %















































SOIL: C -  2 0
ORGANIC CONTENT: 2 0 %  






















 7 - DAY 2 8 -DAY
SOIL : S I -  3 0
ORGANIC CONTENT: 3 0 %  


















7 -  DAY 2 8 -DAY
SOIL: SA - 30
ORGANIC CONTENT: 3 0 %
INITIAL SURCHARGE : 120 Lbs.
4 0















Surcharge Removed and Replaced (lbs) Surcharge Removed and Replaced (lbs) Surcharge Removed and Replaced (lbs)







120 I 12 13 11 13 13 11 70 71 70 70 70 69 46 46 47 .46 46 46
10° | 12 12 12 12 11 68 70 69 69 69 45 45 46 45 45
80 7 7 7 7 67 67 67 67 50 51 51 51
60 7 8 6 66 67 66 52 51 52
40 5 5 63 64 | 55 54
Table 1-14-2







Surcharge Removed and Replaced (lbs) Surcharge Removed and Replaced (lbs) Surcharge Removed and Replaced (lbs)
(lbs.)
0 20 40 60 80 100 0 20 40 60 80 too 0 20 40 60 80L 100
120 11 11 11 12 11 12 61 60 60 61 60 61 54 55 55 55 55 56
C-20
100 9 10 9 10 10 59 59 59 59 59 57 56 56 56 56
(Clay and Organic) 80 7 7 8 8 59 59 59 58 58 57 57 57
Organic
Content: 60 5
5 4 57 57 55 60 61 62
20%











Surcharge Removed and Replaced (lbs)SOIL Surcharge Removed and Replaced (lbs) Surcharge Removed and Replaced lbs)



















SOIL Surcharge Removed and Replaced (lbs) Surcharge Removed and Replaced (lb$Surcharge Removed and Replaced (lbs)















INITIAL Surcharge Removed and Replaced (lbs)Surcharge Removed and Replaced (lbs)SOIL Surcharge Removed and Replaced (lbs)
(lbs.)





































































S I - 0 0
0 - 4 . 2  U -5 0  
A -  1.2 U -5 0  
O - 3 .0  U -5 0
4 107 13 16 2219 25
3.0
SI- 102.0
o -  3 .0  U -IO O  
A -  1.2 U -IO O  
O - 1.2 D -IO O  
•  -  4 .2  U -2 5


























2 .0  r
1.0 S A -00
A - 3.0 U -50  
O -  1.2 U - 5 0  
□  - 4 . 2  U - 5 0
0.0
22 25
2 .0  r
1.0,
S A - IO
O -  1.2 D- IOO  
A - 3 . 0  U-IOO  





























SA - 2 0
O -  1.2 U-200  
O -4.2 U-50  
•  - J.2 U-50  
A -3.0 D- 50 
°  -3 .0  U-50
SA - 3 0
o - 3.0 D - 100 
A-4 .2  U -25 
0 - 3 . 0  U-IOO 
•  - 1.2 U- 100 








2. Time-settlement field curves
2 8 4
285
Example of Settlement Calculation:
SOIL NO-15 (Natural Organic); Organic Content = 15%
Settlement Under Embankment
Load from embankment = 15 x 120 = 0.9 TSF
2000
Load from pavement = 2 x 140 = 0.14 TSF
2000
Load from existing soil = L̂..x. .feAr.?. = 0.49 TSF
2000
Total Load = 0.90 + 0.49 = 1.53 TSF (1)
From the e-log p curve for the natural existing soil (Fig. 1-9-3 in appendix I' 
eG = 1.14
eL = 0.93 (for p = 1.53 TSF)
Ae = 1.14 - 0.93 = 0.21
6max = (Ae) (30 ft) x 12 = (0.21) (30) x 12 = 36 in.
(1 + eD) 2.14
Settlement Under Embankment and 5-ft. Sand Surcharge:
Total Load = 0.9 + 0.14 + 0.49 + 0.3 (5 ft. surcharge) = 1.83 TSF 
From figure 1-9-3 in appendix I 
eQ = 1.14
eĵ  = 0.91 (for p = 1.83 TSF)
Ae = 1.14 - 0.91 = 0.23
6max = (0.23) (30) (12) = 39 in.
2.14
To determine settlement after removal of load we assume that the original 
elevation of the embankment is kept constant and the additional fill above 
this elevation is removed.
286
Considering figure T-9-4 (a) in appendix I whLch represents soil 
dens if led under a 15-ft embankment and a 5-ft surcharge.
Total Load = 1.53 (from 1) + p1
where p* is the additional load imposed by the additional material 
necessary to maintain the original elvation of embankment and is equal 
to the total settlement in feet 6max multiplied by the unit weight of 
sand fill.
Total Load = p = 1.53 + 0.1 = 1.63 TSF
pc = 1.17 (embank nt and surcharge) +0.49 (existing soil) = 1.66 TSF 
p < pc No settlement after removal of surcharge.
Settlement Under Embankment and 15-ft. Surcharge:
Total Load = 1.53 (from 1) + 0.9 (15-ft. surcharge) = 2.43 TSF 
From figure in Appendix 
eQ = 1.14
ei = 0.86
Ae = 1.14 - 0.86 = 0.28
Smax , (0.28) (30) (12) , 48 ln.
2.14
After removal of excess surcharge and considering figure in Appendix 
Total Load = p = 1.53 (from 1) + p' = 1.53 + 0.12 = 1.65 TSF 
Pc = 1.76 (embankment and surcharge) +0.49 (existing soil) = 2.25 
P < P c
























E m b a n k m e n t
E m b a n k m e n t  &  5 - f t .  S u rc h a rg e
Soil :N0"3O (Natural Organic) 
Organic Content: 3 0 %
20
Embankment & 15-ft. Surcharge





























20 Embankment & 5-ft. Surcharge
Soil: C-3 0 (Clay and Organic) 
Organic Content : 30%30































Embankment & 5-ft. Surcharge
20
Soil: S I-3 0  
(Silt and Organic) 
Organic Contents 30°/c
30




















Soil; C- 3 0 (Clay and Organic) 
Organic Content ; 3 0  %
Embankment
Embankment & 15-ft. Surcharge
Embankment
Soil: S I—3 0 (Silt and Organic) 
Organic Content; 30  %
Embankment & 15-ft. Surcharge
J 1 I l .. I .. I  I I I J I I i i l i i i i i i I l-J
FIGURE II-4 10 100 





1. Finite element map of material under embankment.
2. Vertical stress distribution.
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/ / / w  /S S W  /y /W ^ V /A ' w
Soil: NO—30 (Natural Organic) 
Organic Content =30%
Vertical Stress in (tsf)












I 52 0.50 1080 68 0.60
X 52 0.36 1000 71 0.61
M 50 0 .29 6 6 5 74 0.66
FIGURE II1-2-I
29b
Soil: NO—30 (Natural Organic) 






Vertical Stress in TSF
Densification Under 15-ft. Embankment 











kx 10 “7 (cm/sec)
I 52 0.58 1500 66 0.58
JL 52 0.50 1080 68 0 .60
JL 52 0.36 1000 71 0.61
m 50 0.29 665 74 0.66
FIGURK IT1-2-2
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3 0 0  -
4 0 0  -
5 0 0  =
X Ks/rvx yy; \  '<77r
Soil: N O -3 0  (Natural Organic) 
Organic Content 3 0 %
100' 200'
Vertical Stress in TSF
Densification Under 15 - ft. Embankment 
and 15-ft .  Surcharge






k x l0 '7(cm/feec
I 55 II 1600 61 0 .5 0
n 52 8 1500 66 0 .58
n r 52 7 1080 68 0 .6 0
m 52 5 1000 71 0.61








Soil = NO-15 (Natural Organic) 
Organic Content: 15%
’Vertical Stress in (tsf) 200
Densification Under 15-ft. Embankment 












I 70 0 .5 8 800 49 0.31
JE 67 0 .3 6 715 50 0 .34
HE 66 0 .2 9 4 5 0 52 0 .37
12 65 0 .07 5 0 0 56 0.40
FIGURE III-2-4
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Soil : N O -15 
(N atural Organic) 
Organic Content: 15%
f
7 0 0 ‘ Vertical Stress in TSF
O' 100’  200'












kx 10 “7 (cm/Sec)
X 71 .79 1 0 0 0 4 6 0 .2 0
TL 7 0 .58 8 0 0 49 0.31
HL 6 7 .36 715 5 0 0 .3 4
6 6 .29 4 5 0 5 2 0 .3  7
3C 6 5 .0 7 5 0 0 5 6 0 .4 0
FIGURE I.II-2-5
Soih C - 20  (Cloy ond Organic) 
Organic Content: 2 0 %
Vertical Stress in (tsf)












X 56 0 .29 4 0 0 61 0 .07
HE 54 0.22 235 62
not
determined
IE 53 0.14 2 0 0 65 0 .08
FIGURE III-2-6
301
Soil; C -20 (Cloy and Organic) 
Organic Content: 2 0 %
I ’ Vertical Stress in TSF
Densification Under 15-ft. Embankment 











I 56 0 .3 6 600 59
not
determined
I 56 0.29 4 0 0 61 0 .0 7
HE 54 0.22 235 62
not
determined






Soil • C -20 (Clay and Organic) 







Vertical Stress in TSF













I 59 0.58 900 58 0.05
IL 56 0 .36 6 0 0 59
not
determined
JE 56 0 .2 9 4 0 0 61 0.07
12 54 0 .22 235 62
not
determined




Soih N O -30 (Natural Organic) 
















Soil = NO -30 (Natural Organic) 






7 00 ' \-









6 0 0  -
7 0 0 -
Soil; N O -30  (NatureI Organic) 
Organic Content: 3 0  %
ZuI77i>*
100' 200'














'Maximum Shear Stress in T S F
FIGURE III-3-4




7 7 / \ V / 7 \ \  / y j  > 7 /  sN /7 A 'V /V
Soil1 C-20(Clay and Organic) 












EZ^.Q'p S r e -
700'
"7 ^ T 7 /o :> 7 x \/A x /A \ /A x
Soil: C - 2 0  (Clay and Organic)  




5 0 0  -
6 0 0 ’









6 0 0  -
700
\<vrr̂/rAs/yŷ/r/<<///<y/r
Soil = C -2 0  (Clay and Organic) 








1. Flow charts for calculation procedures.























































, DIAL READING 
AT 90%  CONSOLIDATION = R90
TIME




































CONVERT Cv TO 





6  FOR G IVEN PER CENT
PRINT





\  PER CENT y
































(LOAD DIAL READING) 
(LOAD RING FACTOR)















STRAIN DIAL READING 
PORE PRESSURE
I










G O  TO 
NEXT PAGE


































EFFECTIVE MINOR CHAMBER PORE













EFFECTIVE MAJOR PRINCIPAL STRESS




G O  TO 
RETURN
CYCLIC LOAD I NC DATA REDUCTION PROCRAM
This program was written to closely parallel the test procedure and 
the data collection sheets. The input formats were arranged to allow 
easy coding of the data. This also facilitated in locating errors in 
the punched data.
The output of the program is shown following this explanation.
Both the drained and the undra'ined tests are seperate routines within 
the program. The program also allows skipping the calculation of any 
phase when this phase was skipped in the actual test. The program also 
outputs punched cards. These decks, one for each test calculated, are 
separated by a card with a row of A's on it. The punched output was fed 
into another program, to plot the data points. This plot program was 



































CYCLI C LOADING DATA REDUCTI ON PROGRAM BY STEPHEN SPOHRER
D I M E N S I O N  I S ( 5 0 ) , T M S 5 0 ) # T S ( 5 0 ) » C P ( 5 0 1 * D H ( 5 0 ) , B R ( 5 0  I , T ( 5 0 ) ,
I E  V ( 5 0  ) ,  DWC( 5 0 I » WC( 5 G I , V R ( 5 0 ) »  S ( 5 0 )  »E L ( 5 0  I 
D I M E N S I O N  I C U (  1 0 0 ) , B C Y U ( 1 0 0 ) , T M U ( 1 0 0 )  , T S U ( 1 0 0 )  , D L R U ( 1 0 0 ) , D L U ( 1 0 0 ) ,  
1 P P(  1 0 0 ) , P H I  1 0 0 ) , A S ( I C O ) y  T U C 1 0 0 )  , P A ( 1 0 0 ) y E L U ( 1 0 0 ) , S A U ( 1 0 0 ) ,
2S I G 1 ( 1 0 0 )  , S I G B l ( 1 0 0 ) , S I G B 3 ( 1 0 0 )  . R A T I O ( 1 0 0 )
D I M E N S I O N  I C D ( 1 0 0 ) , B C Y D ( I C O ) , T M D ( 1 0 0 ) f T S D ( I C O ) , D L R D I 1 0 0 ) , D L D ( 1 0 0 ) ,  
1 3 R D (  I C O ) y  P H A ( 1 0 0 )  y S E ( I C O ) . T D ( I C O )  . P A D ( 1 0 0 )  , E L D ( 1 0 0 ) . E V D ( 1 0 0 ) ,
2 SAD(  1 0 0 ) » S 1 ( I O C ) , P S R ( 1 0 0 )
DIMENSION IR(5 0 , TMR(50) ,TSR(50) yCPR(50) ,RDH(50) ,RBR(50),TR(5C), 
1ELR(50),EVR(50),DWCR(50),WCR(50) ,VRR<50) ,SR(50),D U O  50),DLUC(50), 
2ELUC(50),STUC(50)
READ C O N V E R S I O N  F A C T OR S  TO BE USED
R E A D ( 5 , 1 ) C F  1 » C F 2 » C F 3 » C F 4 » C F 5
1 F O R M A T ! 5 F 1 0 . 0 )
READ NUMBER OF T E S T S  TO BE C OMP UT E D
R E A D ( 5 , 2 ) N
2 FORMAT(15)
READ T E S T  S E R I A L  N O ,  D A T E ,  T E S T  I N D E X ,  D R A I N E D  OR U N D R A I N E D
1 0 0  R E A 0 ( 5 , 1 0 1 ) T 1 , T 2 , T 3 , T 4 , T 5 , T 6 , D 1 , D 2 , D 3 , I T , I D U
1C1 F O R M A T ! 6 A 3 , 7 X , 3 A 3 , 2 I 5 )
READ S P E C I M E N  P R O P E R T I E S
R E A D ! 5 , 1 0 2 ) C O P , O C , WCM, WC F , WO, W S , H G , D O , G S
1 0 2  FORM A T ( 9 F  8« 0 )
COMPUTE S P E C I M E N  P R O P E R T I E S
A Q = ( 3 . 1 4 1 6 * 0 0 * * 2 ) / 4 . 0
V O = H O * A O
W D O = W O / V O * C F l
D D 0 = W S / V 0 * C F 1
WC0 = ( W O - W S I / W S * l G 0 .
V S = ( ( W S / 4 5 4 . ) / ( 6 2 . 4 * G S ) ) * 1 7 2 8 .
V V 0 = V 0 - V S  
V R Q = V V 0 / V S  
S 0 = G S *  WCO/ VRQ
W R I T E  TEST S E R I A L  N U MB E R ,  D A T E
W R I T E ! 6 , 1 0 3 ) T l , T 2 , T 3 , T 4 , T 5 , T 6 , D i , D 2 , D 3
103 FORMAT('1',6A3,10X,3A3//)
W R I T E  COMPUTED S P E C I M E N  P R O P E R T I E S
W R I T E ( 6 , 1 0 4 ) C D P , O C , WCM. WCOyWCF
1 0 4  F O R M A T ! I X , ' C O N S O L I D A T I O N  P R E S S U R E  = ' , F l 2 . 2 y '  T S F ' / / I X , • O R G A N I C  
I C O N T E N T  = ' » F 1 9«  2 » '  P C T ' , / / I X , ' WATER CONT E NT  AT MOL D I N G = 



































3* F I NAL WATER CONTENT = ' , F 1 5 . 2 , '  PCT • / )
W R I T E ( 6 » 1 C 5 ) W 0 0 « 0 0 0 f V R 0 »  SO
F O R M A T ! I X * ' I N I T I A L  WET UN I T  WEIGHT = ' , F 1 1 . 2 f ' P C F ' / / 1 X , 1 I N I T I A L
1 DRY U N I T  WEIGHT = ' , F 1 1 . 2 , '  PC F • / / I X , • I N I T I A L  VC I D  RATI O = ' ,
2 F 1 8 . 4 , / / I X , • I N I T I A L  DEGREE OF SATURATI ON = ' , F 8 . 4 , '  P C T ' / / )
SATURATI ON PHASE CALCULATI ONS
READ I N I T I A L  CONSTANTS ( L I N E  I OF SHEET^
R E A D ( 5 , 20 1 I N S , DHO, BRO , WCC 
FORMAT! I  2 , 3 F 1 5 . 0 )
I F ( N S ) 4 , 3 0 0 , 2 9 0
WRI TE COLUMN HEADINGS
W R I T E ! 6 ,  103 >T 1 , T 2 , T 3 , T 4 , T 5 , T6 , D i , D 2 , D 3  
W R I T E ( 6 , 2 4 0 >
F O R M A T ! I X , • SATURATI ON P H A S E ' / / )
W R I T E ( 6 , 2 0 2 )
F O R M A T ! I X , ' L I N E  TIME CHAMBER AXI AL VOLUME
1 WATER VOI D DEGREE O F ' )
W R I T E ( 6 , 2 0 3 )
F O R M A T ! I X , ' I NDEX PRESSURE STRAI N STRAI N
ICON TENT RATI O S A T U R A T I O N ' / )
W R I T E ( 6 , 2 1 5 )
FORMAT!  1 X , 1 0 X , ' M I N ' , 8 X , ' P S I ' , 9 X , ' P C T ' , 9 X , ' P C T '  , 9 X , ' P C T ' , 2 0 X , ' P C T ' ,  
1 /  )
D 0 2 10 I = 1» NS
R EAD! 5 , 2 0 4 )  I S !  I ) , T M ! I  ) , T S ( I ) , C P ( I ) , D H ( I ) , B R ( I )
F O R M A T ! I 5 , 2 F 5 . 0 , F 6 . 0 , F 8 . 0 , F 8 . 0 )
COMPUTE EACH L I NE  OF DATA FOR SATURATI ON PHASE
T ( I ) =TM! I ) ♦ T S ( I ) / 6 0 .
EL!  I ) = ( D H ( I  ) - D  HO) /HO 
EV(  I ) = ( BR( I ) - B R O ) / V O  
DWC( I ) = ( ( B R ! I ) - B R O ) *  1 6 . 3 9 / WS) * 1 0 0 *
WC( I ) =WCO-DWC( I I + WCC 
V R ! I ) =VR 0
S ( I ) =GS*WC(  I ) / VR! I )
EL!  I ) = E L ( I ) * 1 0 0 .
E V i I ) = E V ( I ) * 1 0 0 .
WRI TE EACH L I N E  OF SATURATI ON PHASE DATA
W R I T E ( 6 , 2 0 5 )  I S ( I ) , T ( I ) , C P ( I ) ,  E L ( I ) , E V ( I ) , W C ( I > , V R ( I ) , S ( I )
FORMAT! I X , I  3 , 2 F 1 1 . 2 , F 1 4 . 3 , F 1 2 . 3 , 2 F 1 1 . 3 , F 1 2 . 4 )
S 0 =  S ( N S )
WCO=WC( N S )
GOTO 300






























READ I N I T I A L  C O N S T A N T S  C L I N E  I  OF S H E E T !
3 0 0  R E A D ! 5 1 3 0  1 >N S »D H O »B R O »WCC
301 F O R M A T C I 2 » 3 F i 5 « 0 )
W R I T E  COLUMN H E A D I N G S
WRI T EC 6 ,  1 0 3 ) T l , T 2 , T 3 , T 4 , T 5 , T 6 , D i , D 2 , D 3  
W R I T E C 6 , 3 4 0 )
34C F O R M A T C I X , • S T A T I C  L O A D I N G * / / )
W R I T E C 6 . 3 G 2 )
3 0 2  FORMATC I X , * L I N E  T I M E  CHAMBER A X I A L  VOLUME
1 WATER V O I D  DEGREE O F • I
W R I T E C f e , 3 0 3 !
3 0 3  F O R M A T C I X , • I N D E X  PRESSURE S T R A I N  S T R A I N
1 C 0 N T  ENT R A T I O  S A T U R A T I O N ' / )
w R I T E C  6 , 3 1 5 )
3 1 5  FORMATC I X  ,  1 O X , • M I N ' , 8 X , • P S I  • , 9 X , * P C T * , 9 X  ,  • P C T • , 9 X , • P C T '  , 2 G X , ' P C T ' , 
1/ )
0 0 3 1 0 1 = 1 , NS
READC 5 , 3 0 4 ) I SC I ) , T M ( I  ) , T S C I ) , C P ( I ) , D H ( I ) , B R C I )
3 0 4  FORMATC I  5 , 2 F 5 . 0 , F f a . 0 , F 8 . 0 , F 8 . 0 )
COMPUTE EACH L I N E  OF OATA FOR S T A T I C  L O A D I N G
T C I )  = TM< I J + T S C I ) / 6 0 .
E L C I ! = C D H C I ) - D H O ) / H O  
EVC I ) = ( B R ( I ) - B R O ) / V O  
DWCC I  ) = C C B R C I ) - B R O  ) * 1 6 . 3 9 / W S ) * 1 0 0 .
WCC I ) = WCO- DWC( I  I +WCC
VRC I ) = < C V O - C B R C I ) - B R O ) ) — V S I / V S
S CI  ) = GS*WC< I ) / V R C I )
ELC I ) = E L C  I ) * 1 0 G .
EV( I)=EV( I)*100.
W R I T E  EACH L I N E  OF S T A T I C  L O A D I N G  DATA
3 1 0  W R I T E ( 6 ,  3 0 5 ) I S C I ) , T ( I ) , C P C I  ) , E L C I ) • E V C I ) , W C C I ) , V R ( I ) , S ( I )
3C5  FORMATC I X , I 3 , 2 F 1 1 . 2 , F 1 4 . 3 , F 1 2 . 3 , 2 F 1 1 . 3 , F 1 2 . 4 )
S 0 =  SC NS )
WCO=WC( N S )
VRU = VR C N S )
I F(  I D U ) 4 , 4 0 0 , 5 0 0
U N D K A I N E D  C Y C L I C  LOAD R E D U C T I O N S
READ I N I T I A L  C O N S T A N T S  ( L I N E  I  OF S H E E T )
4 0 C R EADC 5 , 4 C 1 ) N C U , G F , D L P O U , D L O U , B R OU, CHAM  
4 0 1  F O R M A T C 1 5 , 5 F 1 0 . 0 )
D 0 4 1 0 J  = 1 , NCU

























R E A D ( 5 , 4 0 4 ) I C U ( J ) , B C Y U ! J ) , T M U ( J ) , T S U I J ) , D L R U ( J ) , D L U ( J ) , P P ! J ) ,  
1 P H ! J ) , A S ! J )  '
4u4  FORMAT! I 4 , 1 X , A 3 . 2 E 5 , 0 , 2 F 1 0 . 0 , F 6 . 0 , 2 A 4 )
I F (  I C U ! J ) . E Q . 1 . 0 R . I C U ! J ) . E Q . 4 1 ) G 0  TO 450
GO TO 4 6 0
WRI TE COLUMN HEADINGS
TI ME LOAD PORE 
EFF MAJ EFF MIN
4 5 G W R I T E !  6 ,  1 0 3 ) T 1 » T 2 , T 3 , T 4 , T 5 , T 6 , D 1 , 0 2  , D 3  
WR I T E I  6 ,  4 4 0 )
4 4 0  F O R M A T ! I X , ' U N D R A I N E D  T E S T  R E S U L T S * / / )  
W R I T E ! 6 , 4 0 2 )
4 0 2  F O R M A T ! I X , ' L I N E  CY CL E
I  A X I A L  P HASE MAJ PR
W R I T E 1 6 , 4 0 3 )
4 0 3  F O R M A T ! I X , • I N D E X  
1 ST RESS S T R E S S
W R I T E ! 6 , 4 1 5 )
F O R M A T ! I X , 1 6 X , * MI N LB
1 * PS I • , 7 X ,  * P S I • , 8 X , * P S I * / )
4 1 5





AXI AL  VOLUME 
PRI N S T R ' )
STRAI N STRAI N  
R A T I O * / )
PCT* , 6 X , • PS I 14X i
COMPUTE EACH L I NE  OF CYCLI C DATA
4 6 0  T U ! J ) = T M U ! J ) + T S U ( J ) / 6 0 ,
P A ! J  ) = ( DLRU( J ) - D L R OU ) *GE 
E L U ! J ) = ! D L U ! J ) - D L O U ) / H O
S A U ! J ) = P A ( J ) / ! A O * ! ! l . - E V U ) / ! 1 - - E L U ! J ) ) » )
S IG 1 ( J ) =CHAM + SAUi  J )
S I G B l i J ) = S I G 1 1 J ) - P P ! J )
S I G B 3 ! J ) =CHAM- PP! J )
RAT 1 0 ! J )  = S I G B i ( J ) / S I G B 3 ( J )
E L U ! J ) = E L U ( J ) * 1 0 0 .
E VU = E V U * 1 0 0 .
WRI TE CYCLI C PROPERTI ES
WRI TE!  7 , 4 6 6 ) T 1 , T 2 , T 3 , T 4 , T 5 , T 6 , E L U ! J ) , RAT 10 I J ) , P P i J ) , SAU! J )
4 6 6  FORMAT! I X  , 6 A 3 , F 1 0 . 3 , F 1 0 . 4 , F 1 0 . 2 , F 1 0 . 3 )
4 1 0  W R I T E ! 6 , 4 0 5 ) I C U ! J ) , BCYU! J ) , T U <J ) , PA! J ) , P P ! J)  , ELU! J ) , EVU, SAU1J ) ,  
IP H ( J ) , A S ( J ) , S I G 1 ! J ) , S I G B 1 1 J ) , S I G B 3 ! J ) , R A T I G ( J )
4 05  F O R M A T ! 1 X , I 3 , 5 X , A 3 , F 9 . 2 , 2 F 7 . 2 , F 1 0 . 3 , F 9 . 3 , F 9 . 3 , 3 X , 2 A 4 , F 6 . 3 , F 1 C . 3 ,  
I F  1 1 • 3 , F 1 2 . 4 )
REEVALUATE THE HEI GHT AND THE AREA
HO=HO*! l . - E L U ! N C U J / 1 0 0 .  )
A O = A O * ! I 1 0 0 . - E V U ) / ! 1 C C . - E L U ! N C U ) I )
VO=AO*HO
GO TO 6 0 0
DRAI NED CYCLI C LOAD REDUCTI ONS












5C0 R EAD! 5 ,  50 I ) NCD «GF » DLRQD, DLQD , BROD,CHAMB
501 FORMAT( I 5 « 5 F 1 0 . 0 )
C
0 0 5 10K = 1 » NCD
C
R E A D ! 5 , 5 0 4 ) ICO I K ) , B C Y D ( K ) , T M D ( K ) f T S 0 ( K ) , DLRD( K 1 • OLD{ K 1 , B R 0 ( K ) ,  
IP HA! K ) ,  SE ( K )
504 FORMAT( 14 , 1 X , A 3 , 2 F 5 . 0 , 2 F 1 0 . 0 , F 6 . 0 , 2 A4I
C
1 F < I C 0 ( K ) . E Q . 1 . O R • I  CD! K ) . E Q . 4 1 ) GO TO 550
GO TO 5 60
WRI TE COLUMN HEADI NGS
550 W R I T E I 6 , 1 0 3 > T 1 , T 2 ,  T 3 , T 4 , T 5 , T 6 , D 1 . 0 2  * 0 3  
W R I T E ( 6 1 540»
540 F O R M A T ! I X , ' D R A I N E D  TEST R E S U L T S ' / / I  
W R I T E ( 6 , 5 0 2 )
502 F O R M A T ! I X , ' L I N E  CYCLE TI ME LOAD
1 VOLUME AX I AL  PHASE MAJ PR
W R I T E ( 6 , 5 0 3 )
503 FORMAT! I X , ' I NDEX  
IN STRAI N STRESS STRESS
W R I T E ! 6 , 5  15)
515  FORMAT! I X , ' MI N LB
1 PCT PSI  P S I ' / )
560 T D( K ) = TMD( K ) +T S D ( K 1 / 6 0 .
P A D ! K ) = ! D L R D ! K ) - D L R O D ) * G F  
E L D ( K ) = ! O L O ! K ) - D L O D ) / H O  
EVD! K ) = ( BRD! K ) - B R O D 1/ VO
S A D ! K ) = P A D ! K ) / ! A 0 * < 1 1 . - E V D ! K ) ) / ( I . - E L D ! K > ) ) )
S K K  ) = S A D ! K ) +CHAMB 
P SR ( K ) = S 1!  K ) /CHAMB 
E V D ( K ) = E V D ! K » ^ 1 0 0 .
E L D ! K ) = E L D ( K ) * 1 0 0 .
WRI TE CYCLI C PROPERTI ES
WRI TE!  7 , 5 6 6  ) T 1 , T 2 , T 3 , T 4 , T 5 , T 6 , E L D ( K ) , PSR! K ) , EVO<K )
566 FORMAT! I X ,  6 A 3 , F 1 0 . 3 , F 1 0 . 4 , F I G . 3)
510  W R I T E ! 6 , 5 0 5 ) I C D ! K ) , B C Y D ( K ) , T D ! K ) , P A D ! K » , B R D ! K ) , E L D ( K I , E V O ! K ) ,  
1SA0( K * , P H A ! K ) , S E 1K I , S 1 ! K ) , PSRI K)
50 5 FORMAT! I X , I 3 , 8 X , A 3 , 4 X , F 6 . 2 , F 9 . 2 , F 1 1 • 2 , F 1 2 . 3 , F 1 1 . 3 , F 1 1 . 3 • 4 X , 2A4 ,  
I F 1 0 . 3 , F 1 1 . 4 )
RLEVALUATC- THE HEI GHT AND THE AREA 
HO = HO* !  l . - E L D ( N C D ) / I O C . )
A O = A O * ( I  1 0 0 • - E  V D ! N C D ) ) / ( I C O . - E L O I N C D ) )>
VU=AU*HO
DWD=( ! B R D ! N C D I - B R O D ) * 1 6 . 3 9 / M S ) * 1 0 0 .
W CG = WCO-DWD 
VVO= VO- VS  




PRI N S T ' >
READING ST RAI
R A T I O ' / )




4 W R I T E ! 6 , 8 )
8 FORMAT( I X  * • WRONG*)
C
C REBOUND CALCULATI ONS
C
600  R E A D ! 5 » 6 0 1 ) N R »  RDHO,RBRO »WCCR
601 FORMAT! 1 5 , 3 F 1 0 . 0 )
C
C WRI TE COLUMN HEADINGS
C
WR I T E ( 6 , 1 0 3  ) T 1 , T 2 , T 3 , T 4 , T 5 , T 6 , D 1 , D 2 , D 3  
WR I T E ( 6  » 6 4 0 )
6 4 0  F O R M A T ! I X , ‘ REBOUND L O A D I N G * / / )
W R I T E ( 6 , 6 0 2 )
602  F O R M A T ! I X , • L I NE TIME CHAMBER AXI AL  VOLUME W
IATER VOI D DEGREE O F * )
W R I T E ( 6 » 6 0 3 )
6 0 3  F O R M A T ! I X , • I NDEX PRESSURE STRAI N STRAI N C
10NTENT RATI O S A T U R A T I O N * / )
W R I T E ( 6 , 6 1 5 )
615  FORMAT! I X , *  MI N PSI  PCT PCT
I  PCT P C T * / )
C
C
D 0610L  = I , NR
R E A D ( 5 » 6 0 4 ) I R ( L ) , T M R ( L ) , T S R ! L ) , C P R ! L ) , R D H ! L ) , R 8 R ! L )
6 0 4  FORMAT! 1 5 , 2 F 5 . 0 , 3 F 1 0 . 0 )
C
C CONVERT TI ME TO MI NUTES
C
TR( L  ) =TMR! L  ) + T S R ( L ) / 6 G .
C
C COMPUTE EACH L I NE OF DATA FOR REBOUND CHARACTERI STI CS
C
E L R ( L ) = ( ROH! L ) - RDH O) /HO 
E V R ! L > = ! R B R ! L ) - R B R O ) / V O  
DWCR! L ) = ! ! RBR( L  ) - R B R 0 ) * 1 6 .  3 9 / W S ) * 1 0 0 .
WCR!L) =WCO-DWCR( L) +WCCR  
VRR( L ) =VRO
S R ( L ) = G S * W C R ! L ) / VRR!  L )
E L R ! L ) = E L R ! L ) * 1 0 0 .
E V R ! L ) = E V R ! L ) * 1 G C .
C
C WRI TE EACH L I NE  OF DATA FOR REBOUND LOADING
C
6 1 0  W R I T E ! 6 , 6 0 5 ) I R I L ) , T R ( L ) , C P R ! L) , E L R ! L ) , E V R ! L )  , WCR! L ) , VRR! L ) , S R ! L ) 
60 5 FORMAT! 1 X , I 3 , 2 F 1 1 . 2 , F 1 3 . 3 , F 1 1 . 3 , F 1 0 . 3 , F 1 1 . 3 , F 1 3 . 4 )
C
C READ IN UNCGNF I NED COMPRESSION I N I T I A L  DATA
C
R F A D ! 5 , 7G3) NUC, DUCO, DLUCO  
703  FORMAT! I  5 , 2 F 1 0 . 0 )
I F ( N U C . E Q . C I G 0 T 0 9 9 9
C






W R I T E C 6 , 103 J T I  
MR I T E ( 6 « 7 4 0 )
740 F O R M A T ! I X , 1 4 X ,
W R I T E ( 6 , 7 0 2 )
702 FORMAK 1 X , 1 4 X ,
W R I T E < 6 , 7 1 5 )
715 FORMAK I X ,  1 5 X ,
C
D 0710M =1,N U C
C
R EA0 ( 5 , 7 0 4 ) 0 UC( M ) , D L U C ( M )
704 FORMAK 2 F 1 5 . 0 )
E LOC( M) = ( DOC( M ) - DUC O) /HO
S T O C ( M ) = ( D L U C < M ) - D L U C 0 ) * G F / ( A 0 / ( 1 . - E L U C < M )  ) )
E L U C ( M ) = E L U C ( M ) * 1 0 0 .
WRITE UC DATA
7 10  W R I T E ( 6 , 7 0 5 ) E L U C ( M ) , STUC( MI  
705 FORMAK 1 3 X , F 8 .  3 , 1 1 X , F 7 . 3 )
999  W R I T E ( 6 , 1G00)
1C00 FORMAK • 1 • )
W R I T E ( 7 , ? 5 )
25 F O R M A K • AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 
1AAAAAAAAAAAAAAAAAAAAAA' )
I F ( I T „ L T . N )  GO TO 100
WRITE ( 6 , i 800  )
FORMA T ( ]L X , / / 2 0 X , • THE END*
WRI TE ( 6 , »1000 )
STOP
END
, T 2 , T 3 , T 4 , T 5 , T 6 , D 1 , D 2 , D 3  
• UNCONFI NED COMPRESSION T E S T • / / )  
• S T R A I N * , 1 2 X , • STRESS8 / )
•PCT • , 1 5 X , « P S I • / )
/
SOIL MECHANICS PLOT PROGRAM AND OUTPUT
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SOIL MECHANICS PLOT PROGRAM BY H.T. TURNER
IN A D D I T I ON  TO THE ROUTINE SOI L MECHANICS DATA,  THE FOLLOWING 
ARE NECESSARY FOR OPERATI ON OF T H I S  PROGRAM. THE F I R S T  DATA CARD 
I S  TO CONTAI N I N ( 2 I 5 I  FORMAT THE NUMBER OF SOI L  SAMPLES ( M I ,  AND 
THE TOTAL NUMBER OF PLOTS <KI  DESIRED FROM THE DATA.  FOLLOWING THE 
SOI L  DATA WILL BE DATA CARDS,  K I N  NUMBER, WHICH I NDI CATE ORDI NATE  
AND ABSCI SSA FOR EACH PLOT.  THE SOI L DATA I S STORED AS A MATRI X  
THEREFORE THESE CARDS WI LL GI VE THE MATRIX COLUMN NUMBER OF THE 
ABSCI SSA AND ORDINATE AND THE T I T L E S  FOR ABSCISSA AND ORDI NATE  
RESPECTI VELY I N ( 2 I 2 , 2 A 3 2 )  FORMAT.
D IM ENSIO N A ( 5 0 0 , 2 2 1 , X ( 5 0 0 ) , Y ( 5 0 0 )
DI MENSI ON T I T X ( 8 ) , T I T Y ( 8 )
DI MENSI ON BUF ( 3 0 0 0 )
R E A D ( 5 , 1 ) M, K  
FORMAK 2 1 5 )
D 0 2 L = 1 , M
R E A U ( 5 » 3 ) ( A ( L , J ) , J = 1 , 2 2 )
F O R M A K i X , 6 A 3 , 4 F 1 0 . 0 , 9 F 2 . 0 , 3 F 1 . 0 )
THE BASIC SOI L  DATA I S  TO BE L I ST E D ACCORDING TO THE FORMAT ABOVE 
I N  HORI ZONTAL ORDER, THE FOLLOWING IS  SUGGESTED, I D E N T I F I C A T I O N  
NUMBER, I N THE F I R S T  S I X  F I E L D S ,  AXI AL S T R A I N ,  F I E L D  = 7 ,  P R I N C I P L E  
STRESS R A T I O ,  F I E L D  = 8 ,  PORE PRESSURE, F I E L D  = 9 ,  AND AXI AL  
STRESS,  F I E L D  = 1 0 .  THE OTHER F I ELDS CONTAI N ZEROS. IF  THE 
PROGRAM IS  TO BE CHANGED, KEEP I N  MIND I T  I S SET UP FOR 22  
F I E L D S  (COLUMNS I N  THE M A T R I X ) .
DO L GGN= I »K
K E A D ( 5 , 4 ) I , J , T I T X , T I T Y  
FORMAT ( 2 I 2 » 8 A 4 , 8 A 4 )
D05L = 1 , M 
X ( L ) = A ( L , I )
Y ( L ) = A ( L , J  )
W R I T E ( 6 » 6 ) T I T X » T I T Y , ( A ( 1 , J ) , J = l , 6 )
FORMAT ( 8 A 4 , 8 A 4 , 1 0 X , 6 A 3 )
D 0 7 L = 1 , M
W R I T E ( 6  , 8  ) X ( L  ) , Y ( L )
FORMAT ( F 1 6 . 4 , F 3 8 . 4 )
CALL P L O T S ( B U F , 3 0 0 0 )
CALL P L 0 T ( 0 . , - 4 0 . , - 3 )
CALL PLOT( 0 • , + 1 . , - 3 )
CALL S C A L E ( X , 9 . , M , 1)
CALL S C A L E ( Y , 6 . , M , 1 )  '
CALL A X I S  ( 0 . , 0 . , 1 H  , - 1 , 9 . , 0 . , X ( M + I ) , X ( M + 2 ) )
CALL A X I S ( 0 . , 0 . , IH , 1 , 6 .  , 9 0 .  , Y ( M + I )  , Y ( M+2 ) )
CALL L I N E ( X , Y , M , 1 , 1 , 0 )
CALL SYMBOL ( 1 . 3 , - 0 . 5 , 0 . 2 , T I T X , 0 . , 3 2 )
CALL SYMBOL ( - 0 . 5 , 0 . , 0 . 2 , T I T Y , 9 0 . , 3 2 1 
CALL PLOT I 1 1 • , 0 • 3 )
CALL P L 0 T ( 0 . , 1 0 . , - 3 )
CALL P L 0 T ( 0 . , 0 . , 9 9 9 )
STOP
p R l N C l P f l V .  
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